. / 1" / 



z 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
24 December 2003 (24.12.2003) 




PCT 



(10) International Publication Number 

WO 03/106462 Al 



(51) International Patent Classification 7 : C07D 495/04, 

A61K 31/4365, A61P 35/00 

(21) International Application Number: PCT/TB03/02393 

(22) International Filing Date: 4 June 2003 (04.06.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
60/389,110 



14 June 2002 ( 14.06.2002) US 



(71) Applicant (for all designated States except US): PFIZER 
INC [US/US]; 235 East 42nd Street, New York, NY 10017 
(US). 



(72) Inventors; and 

(75) Inventors/Applicants (for US only): ROMINES, 
William, Henry, III [US/US]; Pfizer Global Research and 
Development, 10770 Science Center Drive, San Diego, 
CA 92121 (US). KANIA, Robert, Steven [US/US]; 
Pfizer Global Research and Development, 10770 Science 
Center Drive, San Diego, C A 92121 (US). LOU, Jihong 
[CN/US]; Pfizer Global Research and Development, 
10770 Science Center Drive, San Diego, CA 92121 (US). 
COLLINS, Michael, Raymond [US/US]; Pfizer Global 
Research and Development, 10770 Science Center Drive, 
Sand Diego, CA 92121 (US). CRIPPS, Stephan, James 
[US/US]; PfizerGlobal Research and Development, 10770 
Science Center Drive, San Diego, C A 92121 (US). HE, 
Mingying [CN/US]; Pfizer Research and Development, 
10770 Science Center Drive,, San Diego, CA 92121 (US). 



- ZHOU, Ru [CN/US]; Pfizer Research and Development, 
10770 Science Center Drive, San Diego, CA 92121 (US). 
PALMER, Cynthia, Louise [US/US]; Pfizer Global Re- 
search and Development, 10770 Science Center Drive, San 
Diego, CA 92121 (US). DEAL, Judith, Gail [US/US]; 
Pfizer Global Research and Development, 10770 Science 
Center Drive, San Diego, CA 92121 (US). 

(74) Agents: LUMB, X, Trevor et al.; Pfizer Inc., 201 Tabor 
Road- r Morris Plains, NJ 07950 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, Nl, NO, NZ, OM, PII, PL, JT. RO, RU, SC, SD, 
SE, SG, SK, SL.TJ, TM, TN, TR,*FT, TZ, UA, UG, US, 
UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS,,MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, a, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, f D, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



o 



(54) Title: BENZOFUSED HETEROARYL AMIDE DERIVATIVES OF THIENOPYRIDINES USEFUL AS THERAPEUTIC 
AGENTS, PHARMACEUTICAL COMPOSITIONS INCLUDING THE SAME, AND METHODS FOR THEIR USE 

(57) Abstract: The invention relates to compounds represented by 
the formula I and to prodrugs or metabolites thereof, or pharmaceu- 
tically acceptable salts or solvates of said compounds, said prodrugs, 
and said metabolites, wherein Z, Y, R u and R 14 , R 15 , R 16 , and R 17 are 
as defined herein. The invention also relates to pharmaceutical com- 
(I) positions containing the compounds of formula I and to methods of 
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as a contraceptive. See PCT international application publication number WO 95/19970 
(published July 27, 1995), hereby incorporated by reference in its entirety. 

It is known that polypeptide growth factors such as vascular endothelial growth factor 
(VEGF) having a high affinity to the human kinase insert-domain-containing receptor (KDR) or 
5 the murine fetal liver kinase 1 (FLK-1) receptor have been associated with the proliferation of 
endothelial cells and more particularly vasculogenesis and angiogenesis. See PCT 
international application publication number WO 95/21613 (published August 17, 1995), hereby 
incorporated by reference in its entirety. Agents, such as the compounds of the present 
invention, that are capable of binding to or modulating the KDR/FLK-1 receptor may be used to 

10 treat disorders related to vasculogenesis or angiogenesis such as diabetes, diabetic 
retinopathy, age related macular degeneration, hemangioma, glioma, melanoma, Kaposi's 
sarcoma and ovarian, breast, lung, pancreatic, prostate, colon and epidermoid cancer. 

Compounds that are useful in the treatment of hyperproliferative diseases are also 
disclosed in the following patents and applications: PCT international patent application 

1 5 publication number WO 00/38665 (published July 6, 2001 ), PCT international patent application 
publication number WO 97/49688 (published December 31, 1997), PCT international patent 
application publication number WO 98/23613 (published June 4, 1998), United States patent 
application number 60/360,952 (filed March 1, 2002), United States patent application number 
60/299,879 (filed June 21, 2001), United States patent application number 09/502,129 (filed 

20 February 10, 2000), United States patent application number 60/209,686 (filed June 6, 2000), 
United States patent application number 60/214,373 (filed June 28, 2000), United States 
patent application number 08/953,078 (filed October 17, 1997), United States Patent No. 
6,071,935 issued June 6, 2000, PCT international patent application publication number WO 
96/30347 (published October 3, 1996), PCT international patent application publication number 

25 WO 96/40142 (published December 19, 1996), PCT international patent application publication 
number WO 97/13771 (published April 17, 1997), and PCT international patent application 
publication number WO 95/23141 (published August 31, 1995). The foregoing patent and 
applications are each incorporated herein by reference in their entirety. 
Summary Of The Invention 

30 In one of the aspects, the present invention relates to a compound represented by the 

formula I: V 
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wherein: 1 

Yis-NH- i .Q. t -S.,or^CH 2 -; 
Z is -O-.-S-, or -N-; 

R n is H, C-Cs alkyl, Cg-C.o cycloalkyl, -C(0)NR ia R' 3 -c/owr_o J4 
each ^independently selected from halo, cyano. nilro, trifluoromethoxv 

more substituents independently selected fr„m ho. ■"■rowa with one or 

-C.om" nn»no« ~L a "V^'ected from halo, cyano. nttro. trifluoromethyl. azldo -OH 
C(0)R . - C (0)OR°, -OC(0)R". -OC(0)OR 8 . -NR^OJR'. -C(0)NR V -(CH ) NR V r 
0 alkyl. C 3 -C 10 cycloalkyl. -(CH.MCe-Caryl) , C HUslm T ' r ^ 6 

-(CWCH^ORVand.CHloR'; ^ ^ 1 °^red heterocyclic). 
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each R 6 and R 7 is independently selected from H, OH, C r C 6 alkyl, C 3 -C 10 cycloalkyl, 
-(CH 2 ) t (C 6 -C, 0 aryl), -(CH 2 ) t (5 to 10 membered heterocyclic), -(CH 2 ) t O(CH 2 ) q OR 9 , - 
(CH 2 ) t CN(CH 2 ) t OR 9 , -(CH 2 ),CN(CH 2 ) t R 9 and -(CH 2 ) t OR 9 . and the alkyl, aryl and heterocyclic 
moieties of the said R 6 and R 7 groups are unsubstituted or substituted with one or more 
5 substituents independently selected from hydroxy, halo, cyano, nitro, trifluoromethyl, azido, - 
C(0)R 8 , -C(0)OR 8 , -CO(0)R 8 , -OC(0)OR 8 , -NR 9 C(O)R 10 f -C(O)NR 9 R ,0 < -NR 9 R 10 , C r C 6 alkyl, 
-(CH 2 ) { (C 6 -C 10 aryl), -(CH 2 ) t (5 to 10 membered heterocyclic), -(CH 2 ) t O(CH 2 ) q OR 9 , and - 
(CH 2 ),OR 9 , where when R 6 and R 7 are both attached to the same nitrogen, then R 8 and R 7 are 
not both bonded to the nitrogen directly through an oxygen; 
10 each R 8 is independently selected from H, C r C 10 alkyl, C 3 -Ci 0 cycloalkyl, 

-(CH 2 )t(C6-C 10 aryl), and -(CH 2 ),(5 to 10 membered heterocyclic); 

each R 9 and R 10 is independently selected from H, -OR 6 , CrC 6 alkyl, and 
C 3 -Cto cycloalkyl; 

wherein j is an integer from 0 to 2, t is an integer from 0 to 6, q is an integer from 2 to 

15 6; and 

each R 12 and R 13 is independently selected from H, C r C 6 alkyl, C 3 -C 10 cycloalkyl, - 
(CH 2 ),(C 3 -C 10 cycloalkyl), -(CH 2 ) t (C 6 -C 10 aryl), -(CH 2 ),{5 to 10 membered heterocyclic), 
-(CH^OtCI-yqOR 9 , and -(CH 2 ) t OR 9 , and the alkyl, aryl and heterocyclic moieties of the said 
^ R 12 and R 13 groups are unsubstituted or substituted with one or more substituents 

20 independently selected from R 5 , or R 12 and R 13 are taken together with the nitrogen to which 
they are attached to form a C 5 -C 9 azabicyclic, aziridinyl, azetidinyl, pyrrolidinyl, piperidyl, 
piperazinyl, morpholinyl, thiomorpholinyl, isoquinolinyl, or dihydroisoquinolinyl ring, wherein 
said C5-C9 azabicyclic, aziridinyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, 
thiomorpholinyl, isoquinolinyl, or dihydroisoquinolinyl rings are unsubstituted or substituted 
25 with one or more R 5 substituents, where R 12 and R 13 are not both bonded to the nitrogen 
directly through an oxygen; 

or prodrugs thereof, or pharmaceutical^ acceptable salts or solvates of said compounds 
and said prodrugs. 

In one embodiment of the compound of formula 1, R 11 is -(ChfeMS to 10 membered 
30 heterocyclic), -C(0)NR 12 R 13 , -S0 2 NR 12 R 13 and -C0 2 R 12 , wherein said R 11 group -(CH 2 ) t (5 to 
10 membered heterocyclic) is unsubstituted or substituted by one or more R 5 groups and 
wherein each R 12 and R 13 is independently selected from H, d-C 6 alkyl, C^C™ cycloalkyl, 
-(CH 2 ),(C 3 -C 10 cycloalkyl), -(CH 2 ) t (C 6 -C 10 aryl), -(CH 2 ),(5 to 10 membered heterocyclic), 
-(CH 2 )tO(CH 2 ) q OR 9 , -(CH 2 ),OR 9 , and the alkyl, aryl and heterocyclic moieties of said R 12 and 
35 R 13 groups are unsubstituted or substituted by one or more substituents independently 
selected from R 5 , or R 12 and R 13 are taken together with the nitrogen to which they are 
attached to form a C 5 -C 9 azabicyclic, aziridinyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, 
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d c ;- T"** " n * ,i * *~* *~* 

« . «. RP 8u6sUlj . nls , wBe , e ^ R „ iM R „ ^ 
5 directly through an oxygen. nitrogen 

In another embodiment of the compound of formula I. R" is W5 to 10 
membered heterocyclic), and -C(0)NR ,2 R' 3 . ( 

wherein'nCdT "T^ °' °' R " iS 

.0 7^ C , Pendent ' y S6,eC,ed ,r ° m K C '" Cs a,k * cyoloalM 

11^1^ " heter0CyC,iC ^ °' ^ " R ' 3 9 ™ PS « — - • 
subst,tuted wrth one or more subsets independent setected from or R- and R 13 are 

Itan together with the nitrogen to which they are attached to form a C,C, IbLT 

ii y r idin * pynoMm pipendiny '- p,per ^ S 

° r d ~ Uin ° ,in * - Cs-C, Acyclic. Ldin,. I ^ 

pyrroKdny,, P.pend.nyl. P i P era an y1. morpholjny)> WomoipholnyIi ^ *■ 

^ U "~ ° r * 1 « ~ where 

R andR are not both bonded to the nitrogen directly through an oxygen 

' R« an '"r^ emb ° d, ' ment " C ° mP0Und °' ,0miU,a R " * -C(0)NR«R«. wherein 
R and R are taken together wtth the nitrogen to which they are attached to form a c2 

^morpho,^ .soguinolinyi. or dihydrolsoauinollnyl ring, wherein said azab^fc 
aandiny aze^dinyl, py^dinyl. pipendjn)rt> pipera ^ na ^ M ^^ 

W •"•y^T** *" 3 ~ or substttuted - , To S ^ 

wherein rCr^" * °' f0rmU * a R " is 

where^R andR are taken together with the nitrogen to which they are attached to form a 

r*.*** P^-nyl. mo^inyl, thiomorpholiny, isoguino i^ o 

ZZTT* rin9, wherein pyrro,idinyl ' piperidin * piperaz ^ ~ 

:;: 5 R~r o,in ^ 

wherein nZZT " " °' toBnuh R " h <*W""h". 

wheru.R andR are taken together with the nitrogen to which they are attached to form a 

pyrro -d.nyl. piperidinyl. pipe^ny,. morpholin,. or thiomorpho.in, Hng. 

orthiomo^nn^areLub;^ 

substituted with 1 to 5 R s substituents. 
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In still another embodiment of the compound of formula I, R n is -C(0)NR 12 R 13 , 
wherein R 12 and R 13 are taken together with the nitrogen to which they are attached to form a 
pyrrolidinyl or piperidinyl ring, wherein said pyrrolidinyl or piperidinyl ring are unsubstituted or 
substituted with 1 to 5 R 5 substituents. 
5 In still another embodiment of the compound of formula I, R n is -C(0)NR 12 R 13 t 

wherein R 12 and R 13 are taken together with the nitrogen to which they are attached to form a 
pyrrolidinyl ring, wherein said pyrrolidinyl is unsubstituted or substituted with 1 to 5 R 5 
substituents. 

In still another embodiment of the compound of formula I, R n is -C(0)NR 12 R 13 , 
10 wherein R 12 and R 13 are taken together with the nitrogen to which they are attached to form a 
pyrrolidin-1-yl ring, wherein said pyrrolidin-1-yl is unsubstituted or substituted by 1 to 5 R 5 
substituents. 

In still another embodiment of the compound of formula I, R 11 is -(CH 2 )i(5 to 10 
membered heterocyclic) group, wherein said -(CH 2 ) t (5 to 10 membered heterocyclic) group is 
15 unsubstituted or substituted by 1 to 5 R 5 groups. 

In still another embodiment of the compound of formula I, R 11 is -(CH 2 ) t (5-8 
membered heterocyclic) group, said -(CH 2 )t(5-8 membered heterocyclic) group is 
unsubstituted or substituted by 1 to 5 R 5 groups. 

In still another embodiment of the compound of formula I, R M Is -(CH 2 ) t (5 or 6 
20 membered heterocyclic) group, said -(CH 2 ) t (5 or 6 membered heterocyclic) group is 
unsubstituted or substituted by 1 to 5 R s groups. 

In still another embodiment of the compound of formula I, R 11 is -(CH 2 ),(5 membered 
heterocyclic) group, said -(CH 2 ),(5 membered heterocyclic) group is unsubstituted or 
substituted by 1 to 5 R 5 groups. 
25 In still another embodiment the compound of formula I, R 11 is -(CH 2 ) t thiazolyl, wherein 

t is an integer from 0 to 6, said -(CH 2 ) t thiazolyl is unsubstituted or substituted by 1 to 5 R s 
groups. 

In still another embodiment, the compound of formula I, R 11 is a thiazolyl, said 
thiazolyl is unsubstituted or substituted by 1 to 5 R 5 groups. 
30 In still another embodiment, the compound of formula I, R n is an imidazolyl, said 

imidazolyl is unsubstituted or substituted by 1 to 5 R 5 groups? ; 

The present invention also relates to compounds represented by formula II: 
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wherein: H 
Zis-O-.-S-.or-N-; 

°" c « w» „ 

in one embodiment, R' 6 f s methyf 

In another embodiment. R' 4 is methyl. 

The present invention furthpr roia»a«s 

further relates to compounds represented by the formula III: 




wherein: 1,1 
met^^J^'^- ^ a,Mamin0 " C ^ hydroxy. c 3 -C, 0 cyCoai^mino, or 
^^ R ' 7 ^^Pendent.y H oraC 1 ^an < y, groU p;and 

from 0 to 6; ' '~° 6 a " d -< CH *>' OR9 ' herein t is an integer 

each R 8 is independently selected from h C ft o - - 

u ifoin n, c,-c 10 alkyl, C 3 -C, 0 cycloalkyl. 



(I 
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10 
15 
20 



-(CH 2 )t(C6-C 10 aryl), and -(CH 2 ) t (5 to 10 membered heterocyclic), wherein t is an integer from 



each R 9 is independently selected from H, C r C 6 alkyl, and C 3 -C 10 cycloalkyl; or 
prodrugs thereof, pharmaceutical^ acceptable salts or solvates of said compounds and 
said prodrugs. 

In another embodiment, the present invention is a compound represented by the formula 



wherein: 

R 14 is a CrC 6 alkyl, C r C 6 alkylamino, C r C 6 alkylhydroxy, C 3 -C 10 cycloalkyiamino, or 
methylureido group; 

R 1S and R 17 are independently H or a CrC 6 alkyl group; and 

R 1t is a heterocyclic or a heteroaryt group unsubstituted or substituted by one or more 
groups selected from -C(0)OR 8 , (VCe alkyl, and -(CH 2 ) t OR 9 , wherein t is an integer 
from 0 to 6; 

each R 8 is independently selected from H, CrC 10 alkyl, C 3 -C 10 cycloalkyl, 
-(CH2)i(C 6 -Cto aryl), and -(CH 2 ),(5 to 10 membered heterocyclic), wherein t is an integer from 
0to6; 

each R 9 is independently selected from H, C r C B alkyl, and C 3 -C 10 cycloalkyl; 

or prodrugs or metabolites thereof, pharmaceutical^ acceptable salts or solvates of 

said compounds, said prodrugs, and said metabolites. 

The above compounds of formulas II, III, and IV may be used to prepare the above 
compounds represented by formula I. 

In another embodiment, the present invention comprises compounds selected from 
the group consisting of: 



Oto 6; 



IV: 




IV 
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sa.d compounds, said prodrugs, and said metabolites 

======== 

having psoriasis bph i„„„ example, patents that have been diagnosed as 
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nigs, and a pharmaceutical^ acceptable carrier. In one 
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. embodiment, said pharmaceutical composition is for the treatment of cancer such as brain, 
lung, ophthalmic, squamous cell, bladder, gastric, pancreatic, breast, head, neck, renal, kidney, 
ovarian, prostate, colorectal, oesophageal, gynecological or thyroid cancer. In another 
embodiment, said pharmaceutical composition is for the treatment of a non-cancerous 
5 hyperproliferative disorder such as benign hyperplasia of the skin (e.g., psoriasis) or prostate 
(e.g., benign prostatic hypertropy (BPH)). 

The invention also relates to a pharmaceutical composition for the treatment of 
pancreatitis or kidney disease (including proliferative glomerulonephritis and diabetes-induced 
renal disease) in a mammal which comprises a therapeutically effective amount of a compound 

10 of formula I, or prodrugs thereof, pharmaceutical^ acceptable salts or solvates of said 
compounds and said prodrugs, and a pharmaceutical^ acceptable carrier. 

The invention also relates to a pharmaceutical composition for the prevention of 
blastocyte implantation in a mammal which comprises a therapeutically effective amount of a 
compound of formula I, or prodrugs thereof, pharmaceutical^ acceptable salts or solvates of 

15 said compounds and said prodrugs, and a pharmaceutical^ acceptable earner. 

The invention also relates to a pharmaceutical composition for treating a disease 
related to vasculogenesis or angiogenesis in a mammal which comprises a therapeutically 
effective amount of a compound of formula I, or prodrugs thereof, pharmaceutical^ acceptable 
salts or solvates of said compounds and said prodrugs, and a pharmaceutical^ acceptable 

20 carrier. In one embodiment, said pharmaceutical composition is for treating a disease selected 
from the group consisting of tumor angiogenesis, chronic inflammatory disease such as 
. rheumatoid arthritis, atherosclerosis, skin diseases such as psoriasis, excema, and 
scleroderma, diabetes, diabetic retinopathy, retinopathy of prematurity, age-related macular 
degeneration, hemangioma, glioma, melanoma, Kaposi's sarcoma and ovarian, breast, lung, 

25 pancreatic, prostate, colon and epidermoid cancer. 

the invention also relates to a method of treating a hyperproliferative disorder in a 
mammal which comprises administering to said mammal a therapeutically effective amount of 
the compound of formula I, or prodrugs thereof, pharmaceutical^ acceptable salts or solvates of 
said compounds and said prodrugs. In one embodiment, said method relates to the treatment 

30 of cancer such as brain, ophthalmic, squamous cell, bladder, gastric, pancreatic, breast, head, 
neck, oesophageal, prostate, colorectal, lung, renal, kidney, ovarian, gynecological or thyroid 
cancer. In another embodiment, said method relates to the treatment of a non-cancerous 
hyperproliferative disorder such as benign hyperplasia of the skin (e.g., psoriasis) or prostate 
(e.g., benign prostatic hypertropy (BPH)). 

35 The invention also relates to a method for the treatment of a hyperproliferative disorder 

in a mammal which comprises administering to said mammal a therapeutically effective amount 
of a compound of formula I, or prodrugs thereof, pharmaceutical^ acceptable salts or solvates 
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The treatment of a hyperproliferative disorder in a mammal . k- „ 
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s can oe used in the combination therapy described 
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herein. The administration of the compound of the invention in this combination therapy can 
be determined as described herein. 

It is believed that the compounds of formula I can render abnormal cells more 
sensitive to treatment with radiation for purposes of killing and/or inhibiting the growth of such 
5 cells. Accordingly, this invention further relates to a method for sensitizing abnormal cells in a 
mammal to treatment with radiation which comprises administering to the mammal an amount 
of a compound of formula I or prodrug thereof, pharmaceutical^ acceptable salt or solvate of 
said compound and said prodrug, which amount is effective in sensitizing abnormal cells to 
treatment with radiation. The amount of the compound, salt, solvate or prodrug in this method 

10 can be determined according to the means for ascertaining effective amounts of such 
compounds described herein. 

This invention also relates to a method of and to a pharmaceutical composition for 
inhibiting abnormal cell growth in a mammal which comprises an amount of a compound of 
formula I, or prodrug thereof, pharmaceutical^ acceptable salt or solvate of said compound and 

15 said prodrug, or an isotopically-labelled derivative thereof, and an amount of one or more 
substances selected from anti-angiogenesis agents, signal transduction inhibitors, and 
antiproliferative agents. 

Anti-angiogenesis agents, such as MMP-2 (matrix-metalloprotienase 2) inhibitors, 
MMP-9 (matrix-metalloprotienase 9) inhibitors, and COX-II (cyclooxygenase II) inhibitors, can 

20 be used in conjunction with a compound of formula 1 and pharmaceutical compositions 
described herein. Examples of useful COX-II inhibitors include CELEBREX™ (alecoxib), 
valdecoxib, and rofecoxib. Examples of useful matrix metailoproteinase inhibitors are 
described in WO 96/33172 (published October 24, 1996), WO 96/27583 (published March 7, 

1996) , European Patent Application No. 97304971.1 (filed July 8, 1997), European Patent 
25 Application No. 99308617.2 (filed October 29, 1999), WO 98/07697 (published February 26, 

1998), WO 98/03516 (published January 29, 1998), WO 98/34918 (published August 13, 1998), 
WO 98/34915 (published August 13, 1998), WO 98/33768 (published August 6, 1998), WO 
98/30566 (published July 16, 1998), European Patent Publication 606,046 (published July 13, 
1994), European Patent Publication 931,788 (published July 28, 1999), WO 90/05719 

30 (published May 31, 1990), WO 99/52910 (published October 21, 1999), WO 99/52889 
(published October 21, 1999), WO 99/29667 (published June 17, 1999), PCT International 
Application No. PCT/IB98/01113 (filed July 21, 1998), European Patent Application No. 
99302232.1 (filed March 25, 1999), Great Britain patent application number 9912961.1 (filed 
June 3, 1999), United States Provisional Application No. 60/148,464 (filed August 12, 1999), 

35 United States Patent 5,863,949 (issued January 26, 1999), United States Patent 5,861,510 
(issued January 19, 1999). and European Patent Publication 780,386 (published June 25, 

1997) , all of which are incorporated herein in their entireties by reference. Preferred MMP-2 
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and MMP-9 inhibitors are those that have little or no activity inhibiting MMP-1. More preferred 
are those that selectively inhibit MMP-2 and/or MMP-9 relative t0 me other ^ 
^proteinases (Le. MMP-1. MMP-3. MMP-4. MMP-5. MMP-6, MMP-7. MMP-8. MMP- 10 
MMP-1 1.MMP-12, and MMP-13). 

Some specific examples of MMP inhibitors useful in the present invention are 
Prinomastat. RO 32-3555, RS 13-0830, and the compounds recited in me foliowing Mr 
3-[[4-(4^ 

ac I d;3-exo-3-[4.(4-fluoro-phenoxy)-benzenesulfony1ami n o]-8^^^ 
carbolic acid hydroxyamide; (2R. 3R) l-^-chloro^fluoro-benzytoxyHenzenesutfonyl]- 
a-hydroxy-S-methyl-pipendine^-carboxylic acid hydroxyamide; 4-[4.(4-f,uoro-phenoxy). 
benzenesulfony.aminoHetrahydro-pyran-4-carboxylic acid hydroxyamide; 3-[ t 4-(4-fluoro- 
Phenoxy). b e n2 enesu.fony.].(1-hydroxycamamoyl-cydobuty.)^^ 

hydroxyamide; (2R. 3R) W4-(4-fluoro-2-methy1^ 

^-^en^carto^o acid hydroxyamide; 3-{[4-(4.f.uoro.phenoxy)-benzene S u.fonyn- 
(1-hydroxycarbamoy1.1-methyl-ethy1).amino]-propionic acid; 3-n^4-f.uoro- P henoxy). 

[4-(4-chloro-phenoxy)-benzenesu.fony.aminoJ-8-oxa- b ^^ 
hydroxyamide; 3-endo-3-I4-(4-fluoro-phenoxy)-benzenesulfonylamino]-8 
-oxa-b,cyclo[3.2.1]octane-3-carboxy.ic acid hydroxyamide; and (R) 3-[4-(4-f.uoro-phenoxy)- 
benzenesulfonylamino]-tetrahydro.furan-3-carboxvlic add hydroxyamide- 
and pharmaceutically acceptable salts and solvates of said compounds. Other ant 
_ an gi ogenesis agents, including other COX-I. inhibitors and other MMP inhibitors, can also be 
25 used in the present invention. 

This invention further releates to a method for treating a disease related to 
vasculogenesis or angiogenesis in a mamma, comprising administering to said mamma, a 
therapeutical* effective amount of a compound, prodrug, metabolite, sa.t or solvate of Cam 1 in 
conjunction with a therapeutically effective amount of an anti-hypertensive agent 
30 A compound of formula .. can also be used with signal transduction inhibitors such 

as agents that can inhibit EGFR (epidermal growth factor receptor) responses, such as EGFR 

anybodies. EOF antibodies, and mo,ecu,es that are EGFR inhibitors; VEGF (vascular 
growth factor) jnnibHoiS( ^ ^ ^ ^ ^ ^ 

VEGF; and erbB2 receptor inhibitors, such as organic molecules or antibodies that bind to the 
35 erbB2 receptor, for example. HERCEPTIN™ (Genentech. ,nc. of South San Francisco 
California, USA). 



20 
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EGFR inhibitors are described in, for example in WO 95/19970 (published July 27, 
1995), WO 98/14451 (published April 9, 1998), WO 98/02434 (published January 22, 1998), 
and United States Patent 5,747,498 (issued May 5, 1998), and such substances can be used in 
the present invention as described herein. EGFR-inhibiting agents include, but are not limited 
5 to, the monoclonal antibodies C225 and anti-EGFR 22Mab (ImClone Systems Incorporated of 
New York, New York, USA), the compounds ZD-1839 (AstraZeneca), BIBX-1382 (Boehringer 
Ingelheim), MDX-447 (Medarex Inc. of Annandale, New Jersey, USA), and OLX-103 (Merck & 
Co. of Whftehouse Station, New Jersey, USA), VRCTC-310 (Ventech Research) and EGF 
fusion toxin (Seragen Inc. of Hopkinton, Massachusetts).- These and other EGFR-inhibiting 

10 agents can be used in the present invention. 

VEGF inhibitors, for example SU-5416 and SU-6668 (Sugen Inc. of South San 
Francisco, California, USA), can also be combined with the compound of the present 
invention. VEGF inhibitors are described in, for example in WO 99/24440 (published May 20, 
1999), PCT International Application PCT/IB99/00797 (filed May 3, 1999), in WO 95/21613 

15 (published August 17, 1995), WO 99/61422 (published December 2, 1999), United States 
Patent 5,834,504 (issued November 10, 1998), WO 98/50356 (published November 12, 1998), 
United States Patent 5,883,113 (issued March 16, 1999), United States Patent 5,886,020 
(issued March 23, 1999), United States Patent 5,792,783 (issued August 11, 1998>, WO 
99/10349 (published March 4, 1999), WO 97/32856 (published September 12, 1997). WO 

20 97/22596 (published June 26, 1997), WO 98/54093 (published December 3, 1998), WO 
98/02438 (published January 22, 1998), WO 99/16755 (published April 8, 1999), and WO 
98/02437 (published January 22, 1998), all of which are incorporated herein in their entireties by 
reference. Other examples of some specific VEGF inhibitors useful in the present invention 
are IM862 (Cytran Inc. of Kirkland, Washington, USA); anti-VEGF monoclonal antibody of 

25 Genentech, Inc. of South San Francisco, California; and angiozyme, a synthetic ribozyme 
from Ribozyme (Boulder, Colorado) and Chiron (Emeryville, California). These and other 
VEGF inhibitors can be used in the present invention as described herein. 

ErbB2 receptor inhibitors, such as GW-282974 (Glaxo Wellcome pic), and the 
monoclonal antibodies AR-209 (Aronex Pharmaceuticals Inc. of The Woodlands, Texas, USA) 

30 and 2B-1 (Chiron), can furthermore be combined with the compound of the invention, for 
example those indicated in WO 98/02434 (published January 22, 1998), WO 99/35146 
(published July 15, 1999), WO 99/35132 (published July 15, 1999), WO 98/02437 (published 
January 22, 1998), WO 97/13760 (published April 17, 1997), WO 95/19970 (published July 27, 
1995), United States Patent 5,587,458 (issued December 24, 1996), and United States Patent 

35 5,877,305 (issued March 2, 1999), which are all hereby incorporated herein in their entireties by 
reference. ErbB2 receptor inhibitors useful in the present invention are also described in United 
States Provisional Application No. 60/117,341, filed January 27, 1999, and in United States 
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-Won* ^pteto, No. «,„7.34 6 , .ted 27 , ^ „„„ „ ^ ^ 

« tar ^ „ mma , „ e ^ ^ J 

5 used with the compounds of the present invention. 

**J!° r mp r ds of *■ inven *° n ^ a,s ° be used wm °^ »*< - *«« 

abnormal ce.. growth or cancer, including, but not limited to, agents capable of enhancing 
an*tumor .mmune response, such as CTLA4 (cytotoxic lymphocyte antigen 4) antibodies 
.0 IT 7 °' b ' 0Ck,n9 CTLA4: ^ a 9 ents such as othe 

franS,eraS6 ^ ^ ^ " ke - *"* C ™ that can be 

rH Z7T indude described in United Stetes Provfefonai « 

60/113.647 (fifed December 23. 1998) that is incorporated by reference in its entirety 
however other CTU4 antibodies can be used in the present invention ^ 
The subject invention also includes isotopicaily-labelled compounds, which are 

number usually found in nature. Examp.es of isotopes that can be incorporated 2 

2T ° ' nVenti0n ' nC,Ude iS ° t0PeS ° f ^ ^ oxyge 

phosphorous, fluonne and chlorine, such as 2 H. 3 H. ,a C M C ,5 N ,8 0 ,7 0 3 V » P » s .e" 

ZZZ T PtaWe 83,13 ° f ^ C ° mPOUndS W ° f ^ Pr ° drU9S *« — ' - 
aforemenboned .sotopes and/or other isotopes of other atoms are wKhin the scope of this 

Z T K? in fe0t ° Pira,,y - |abe,,ed «■"■"»* o' ^e present invention, for exam^e 
those ,nto wh,ch radioacbve isotopes such as *H and »C are incorporated, are useful in d^g 
» and/or substrate «ssue distributor assays. Tribated. i.e.. * and cart>on-14 ie «C 
■sotopes are particularly preferred for their ease of preparation and detectability. Further' 

IT" With r ier ' SOtOPeS ^ 35 ~^ i e ' * « — certainly 
advantages resutt-ng from greater metaboHc stability, for example increased In wVo ha.fl or 
educed dosage requirements and. hence, may be preferred in some circumstances 

can generally be prepared by carrying out the procedures disclosed in the Schemes and/or in 
the Examples beiow. by substituting a readiiy available isotopically labelled reagent for a non- 

ZT TV 6396 " ^ ~ S °' f ° mU,a ' a " d « P"a™^ 
acceptable sa.ts and solvates can each independently a.so be used in a palliative nec- 

> ad.uvanvadjuvant therapy in alleging the symptoms associated with the diseases recited 

^"^tom^mBK^^V^c*,^ Suchtherapycanbea 
monotherapy or can be in a combination with chemotherapy and/or immunotherapy 
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The terms "abnormal cell growth" and "hyperproliferative disorder" are used 
interchangeably in this application. 

"Abnormal cell growth", as used herein, refers to cell growth that is independent of 
normal regulatory mechanisms (e.g., loss of contact inhibition), including the abnormal growth 
5 of normal cells and the growth of abnormal cells. This includes, but is not limited to, the 
abnormal growth of: (1) tumor cells (tumors), both benign and malignant, expressing an 
activated Ras oncogene; (2) tumor cells, both benign and malignant, in which the Ras protein 
is activated as a result of oncogenic mutation in another gene; (3) benign and malignant cells 
of other proliferative diseases in which aberrant Ras activation occurs. Examples of such 
10 benign proliferative diseases are psoriasis, benign prostatic hypertrophy, human papilloma 
virus (HPV), and restinosis. "Abnormal cell growth" also refers to and includes the abnormal 
growth of cells, both benign and malignant, resulting from activity of the enzyme farnesyl 
protein transferase. 

The term "treating", as used herein, unless otherwise indicated, means reversing, 

15 alleviating, inhibiting the progress of, or preventing the disorder or condition to which such 
term applies, or one or more symptoms of such disorder or condition. The term "treatment", 
as used herein, refers to the act of treating, as "treating" is defined immediately above. 

The term "halo", as used herein, unless otherwise indicated, means fluoro, chloro, 
bromo or iodo. Preferred halo groups are fluoro, chloro and bromo. 

20 The term "alkyl", as used herein, unless otherwise indicated, means saturated 

monovalent hydrocarbon radicals having straight, cyclic or branched moieties. Said "alkyf 
group may include an optional carbon-carbon double or triple bond where said alkyl group 
comprises at least two carbon atoms. It is understood that for cyclic moieties at least three 
carbon atoms are required in said alkyl group. 

25 The term "alkoxy", as used herein, unless otherwise indicated, means O-alkyl groups 

wherein "alkyl" is as defined above. 

The term "aryl", as used herein, unless otherwise indicated, means an organic radical 
derived from an aromatic hydrocarbon by removal of one hydrogen, such as phenyl or naphthyl. 
The term "hetero cyclic group", as used herein, includes aromatic and non-aromatic 

30 heterocyclic groups. Unless otherwise indicated, preferred heterocyclic groups include groups 
having from 3 to 13 ring atoms, more preferably from 5 to 10 ring atoms, and still more 
preferably from 5 to 6 ring atoms. In addition, preferred heterocyclic groups include groups 
containing one to four heteroatoms each selected from O, S and N. The heterocyclic groups 
include benzo-fused ring systems and ring systems substituted with one or two oxo (=0) 

35 moieties such as pyrrolidin-2-one. An example of a 5 membered heterocyclic group is thiazolyt, 
an example of a 10 membered heterocyclic group is quinolinyl, and an example of a 13 
membered heterocyclic group is a carbazole group. Examples of non-aromatic heterocyclic 
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formula I. The amino acid residues include but are not limited to the 20 naturally occurring 
amino acids commonly designated by three letter symbols and also includes 4- 
hydroxyproline, hydroxylysine, demosine, isodemosine, 3-methylhistidine. norvalin, beta- 
alanine, gamma-aminobutyric add, citrulline homocysteine, homoserine, ornithine and 

5 methionine sulfone. Additional types of prodrugs are also encompassed. For instance, free 
carboxyl groups can be derivatized as amides or alkyl esters. Free hydroxy groups may be 
derivatized using groups including but not limited to hemisuccinates, phosphate esters, 
dimethylaminoacetates, and phosphoryioxymethyloxycarbonyls, as outlined in Advanced 
Drug Delivery Reviews, 1 996, 19,115. Carbamate prodrugs of hydroxy and amino groups are 

10 also included, as are carbonate prodrugs, sulfonate esters and sulfate esters of hydroxy 
groups. Derivatization of hydroxy groups as (acyloxy)methyl and (acyloxy)ethyl ethers 
wherein the acyl group may be an alkyl ester, optionally substituted with groups including but 
not limited to ether, amine and carboxylic acid functionalities, or where the acyl group is an 
amino acid ester as described above, are also encompassed. Prodrugs of this type are 

15 described in J. Med. Chem. 1996, 39, 10. Free amines can also be derivatized as amides, 
sulfonamides or phosphonamides. All of these prodrug moieties may incorporate groups 
including but not limited to ether, amine and carboxylic acid functionalities. 

It will be appreciated that any solvate (e.g. hydrate) form of compounds of formula I and 
prodrugs thereof can be used for the purpose of the present invention. 

20 The terms "comprising" and "including* are used herein in their open, non-limiting 

sense. 

The term "alkyl" as used herein refers to straight- and branched-chain alkyl groups 
having from one to twelve carbon atoms, preferably from 1 to 6 carbons, and more preferably 
from 1 to 3 carbons. Exemplary alkyl groups include methyl (Me), ethyl, n-propyl, isopropyl, 
25 butyl, isobutyl, sec-butyl, tert-butyl (tBu), pentyl, isopentyl, tert-pentyl, hexyl, isohexyl, and the 
like. 

The term "heteroalkyl" as used herein refers to straight- and branched-chain alkyl 
groups containing one or more heteroatoms selected from S, O, and N. 

The term "alkenyl" refers to straight- and branched-chain alkenyl groups having from 
30 two to twelve carbon atoms, preferably from 2 to 6 carbons, and more preferably from 2 to 4 
carbons. Illustrative alkenyl groups include prop-2-enyl, but-2-enyt, but-3-enyl, 2-methylprop- 
2-enyl, hex-2-enyl, and the like. 

The term "alkynyl" refers to straight- and branched-chain alkynyl groups having from 
two to twelve carbon atoms, preferably from 2 to 6 carbons, and more preferably from 2 to 4 
35 carbons. Illustrative alkynyl groups include prop-2-ynyl, but-2-ynyl, but-3-ynyl, 2-methylbut-2- 
ynyl, hex-2-ynyl, and the like. 
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The term "aryT (Ar) refers to monocyclic and polycyclic aromatic ring structures 
containing only carbon and hydrogen. Preferred aryl groups have from 4 to 20 ring atoms 
and more preferably from 6 to 14 ring atom, Illustrative examples of ar* groups include the 
following moieties: 



O.CQ.CCO. 





, and the like. 



hoUKoatos setectod to, * wn , 0>ygen and sofa. The polyene he,.™* group J 
b. fused or noMeeed. matte exempt « ^ sroups ^ ae „. 




, and the like. 



20 



^ The term "cycloalkyP refers to a monocyclic or polycyclic radical which contain only 
carbon and hydrogen, and may be saturated, partially unsaturated, or fu..y unsaturated 
Preferred cyc.oa.ky, groups include groups having from three to twelve ring atoms, more 
preferably from 5 to 10 ring atoms, and stfN more preferably from 5 to 6 ring atoms 
Illustrate examples of cycloalkyl groups include the following moieties- - 
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. o>. ^b.OO.CO.Jb. 

>. n.O.O.O.O.CO. 

o:^.G.O;0.^b.o. 

CD-.C0.co. 



and compounds of the like. 



A "heterocycloalkyT group refers to a cycloalkyl group that includes at least one 
10 heteroatom selected from nitrogen, oxygen and sulfur. The radicals may be fused with an 
aryl or heteroaryL Illustrative examples of heterocycloalkyl groups include 

^ o o o ° ° ° 9 

6.5. N i N .6.6.°i°0. 

.N O. JD. |M 

V=/ ' V-N ■ • / N • N-N . 

,. (j° co . .CO - 



and the like. 



The term "heterocyclic" comprises both heterocycloalkyl and heteroaryl groups. 
The term "alkoxy" refers to the radical -O-R where R is an alkyl as defined above. 
Examples of alkoxy groups include methoxy, ethoxy, propoxy, and the like. 
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The term "halogen" represents chlorine, fluorine, bromine or iodine. The term "halo- 
represents chloro. fluoro. bromo or iodo. 

hetero •TV™ " a,COh ° r refere l ° ^ - R " OH Wh6re R is a,k * — * aikyny. Ar 
5 methanol, ethanol. propanol, phenol and the like. 

The term "acyf represents -C(0)R, - C (0)OR. . 0 C(0)R or -OC(0)OR where R is 
a.M.a,en,.a,k y n,.Ar.heteroa^heteroc y c,oa,k^ * 
The term "amide" refers to the radioa. -CfOJNfR^ where R' and R" are eaoh 
.ndependently selected from hydrogen, alky) alkenvl alkvnvi nu ,u 
•0 heterocyctoalM. heteroary, ar, as denned IT^tTt 

r*rogen to form a heterocycloalkyl or heteroaryl as defiled a b l ' * 

The term "substituted" as used herein means that the group in question e g alky, 
group, etc.. may bear one or more substituents. ' 9 " % 

.5 containing "* and *M» and the substituents 

IT T 9r ° UPS ' " d6fined hereinab0Ve ' may be ° p,iona »V substituted by at .east 
one other substrtuent. The term "optionally substtuted" is intended to expressly indLL Z 

zrz^: is ~ ed or substtuted ty ° ne ° r - 
stLed^rr may be — ed °~ ed - 

» If the substituents themsehres are not compatible with the synthetic methods of mis 

mventon the substituent may be protected with a suitable protect^ group JTJ£ 

su ir:zT s t in * ese methods - " e prote ^ — ™ 

Le T , S6qUenCe ° f *" ^ 10 provkte a *-« intermediate or 

terget compound. Surtab.e protecting groups and me methods for protectino and 

sub T te usin9 such ~ — ™- 

*ose skdled ,n me art; examples of which may be found in T. Greene and P. Wuts Protectino 

htr: T ica ' s ^ esis (3rd ^ j ^ mev & s ° ns - ny *-* - ~d 

seTl reference ,n ,ts entirety. ,„ some instances, a substituent may be specifically 

^1 L S ' *" reaC,i ° n C ° ndi,i0nS ^ *• "*« -bstituent into 

^~ent mat is e*her usefc, in an intermediate compound in me memods of Z 
.nvenbon or is a des.red substituent in a target compound 

tautomeric? T C ° mP ° UndS ^ *" h ^ isomeric or 

Toound ? h PrSSem ^ enC ° mPaSSeS a " SUCh P^-tiorHnhibiting 

Zfia I T 9 C ° mP0UndS fn ^ ,0mi ° f PUre «*— fl.e 

essentally free of other stereoisomers,, raoemates. mixtures of enanfiomers and/o 
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diastereomers, and/or tautomers. Preferably, the inventive compounds that are optically 
active are used in optically pure form. 

As generally understood by those skilled in the art, an optically pure compound 
having one chiral center (i.e., one asymmetric carbon atom) is one that consists essentially of 
5 one of the two possible enantiomers (i.e., is enantiomerically pure), and an optically pure 
compound having more than one chiral center is one that is both diastereomerically pure and 
enantiomerically pure. 

Preferably, the compounds of the present invention are used in a form that is at least 
90% optically pure, that is, a form that contains at least 90% of a single isomer (80% 
10 enantiomeric excess ("e.e.") or diastereomeric excess ("d.e.")), more preferably at least 95% 
(90% e.e. or d.e.), even more preferably at least 97.5% (95% e.e. or d.e.), and most 
preferably at least 99% (98% e.e. or d.e.). 

Additionally, the formulae are intended to cover solvated as well as unsolvated forms 
of the identified structures. For example, Formula I includes compounds of the indicated 
15 structure in both hydrated and non-hydrated forms. Additional examples of solvates include 
the structures in combination with isopropanol, ethanol, methanol, DMSO, ethyl acetate, 
acetic acid, or ethanolamine. 

In addition to compounds of Formula I, the invention includes pharmaceutical^ 
acceptable prodrugs, pharmaceutical^ active metabolites, and pharmaceutical^ acceptable 
20 salts of such compounds and metabolites. 

The term "pharmaceutical^ acceptable" means pharmacologically acceptable and 
substantially non-toxic to the subject being administered the agent 

"A pharmaceutically acceptable prodrug" is a compound that may be converted under 
physiological conditions or by solvolysis to the specified compound or to a pharmaceutically 
25 acceptable salt of such compound. . "A pharmaceutically active metabolite" is intended to 
mean a pharmacologically active product produced through metabolism in the body of a 
specified compound or salt thereof. Prodrugs and active metabolites of a compound may be 
identified using routine techniques known in the art. See, e.g., Bertolini etal., J. Med. Chem., 
40, 2011-2016 (1997); Shan et al., J. Pharm. Sc/., 86 (7), 765-767; Bagshawe, Drug Dev. 
30 Res., 34, 220-230 (1995); Bodor, Advances in Drug Res., 13, 224-331 (1984); Bundgaard, 
Design of Prodrugs (Elsevier Press 1985); and Larsen, Design and Application of Prodrugs. 
Drug Design and Devetopment (Krogsgaard-Larsen et al., eds., Harwood Academic 
Publishers, 1991). 

"A pharmaceutically acceptable salt" is intended to mean a salt that retains the 
35 biological effectiveness of the free acids and bases of the specified compound and that is not 
biologically or otherwise undesirable. A compound of the invention may possess a sufficiently 
acidic, a sufficiently basic, or both functional groups, and accordingly react with any of a 
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number of .norganic or organic bases, and inorganic and organic adds, to form a 
P^rmaceutically acceptable salt. Exemp,ary pharmaceutical* acceptabie saits indude those 
saits prepared by reaction of the compounds of the present invention wfth a mineral Z 

5 s°n C t T in0r93niC ^ 38 Sa,,S inC,Udin9 SU,,3teS - W"***> **- 
met h T " Ph ° SPha,eS ' —^enphospbates. d.hydrogenphosphates 
metaphosphate, pyrophosphates. ch.on d es. bromides, iodide, acetate, propionate ' 
canoate, capote, achates, formate, isobutyrate, caproate, hepZtes 
prop,o,ate, oxaJates. malonate, succinate, suberate, sebacate, fumarates maieats 
bu^e,.4^ate, hexyne-t.^oate, benzoate, ch,oroben 2 oate, methyl Is 
10 ******* hydroxybenzoate, methoxybenzoate, phthaiate, *J£ 

htrrr tes " pheny,a ° etates - ^ tes , r 

ydroxybutyrate, g,yco.ate, tartrate, methane-donates, propionates, naphtha^ 
1-sulfonate,naphthalene-2-sulfonates.andmandelates. 

If the inventive compound is a base, the desired pharmaceutical* acceptab.e salt 
15 may be prepared by any suitab.e method avai.ab,e in the art. for examp,e. treatment of 
me free base wtt .an inorganic add. such as hydrochloric add. hydrobromic add. sulfuric 
acd. s tiam lc acd. rrfric acid, phosphoric acid and the like, or with an organic add. such 
as acetic acd. phenyfacetic acid, propionic acid, stearic acid, lactic acid, ascorbic acid 

'0 aTmaTo "* ** ^ "* ^ric 

add s T PymV ' G "* 0Xa "' C ^ 9,yC0HC "* * Pianos.** 

ac,d. such as g.ucuronic add or ga,acturonic add. an alpha-hydroxy add. such as citric 

add T Tk " amin ° add ' SUCh 38 a6d ° r 9,UtemiC aci * a " aromatic 

acd s cb as benzo,c acid. 2-acetoxybenzoic add or dnnamic add. a sutionic add. such 

as p-toluenesulfonic add. methanesulfonic add or ethanesulfonic acid, or the like 

If the inventive compound is an acid, the desired pharmaceutical* acceptable salt 

may be prepared by any suKabte method, for examp., treatment of the free acid with an 

,organ,c or organic base, such as an amine (primary, secondary or tertiary), an alkali 

meta hydrox.de or alka.ine earth meta, hydroxide, or the ,ike. .Hustrative examp.es o 

su.tab.e salts .ndude organic salts derived from amino adds, such as glycine and 

a^ne ammonia, carbonate, bicarbonate, primary, secondary, and tertiary amine, 

and cycc amines, sud, as benzylamine, pyrrolidine, piperidine. morpholine and 

m Zl e i ' n0r9aniC Sa ' ,S **" fr ° m POtaSSium - cesium, 

manganese, .ron, copper, zinc, aluminum and lithium. 

addi^? 3 ™^ 1 C ° mPOSWOnS aCC ° rdin9 t0 *• inVention ^ amatively or in 
d,on o a compound of Pormu, ,. comprise as an active ingredient pharmaceutical* 
*-P™eP^^ 
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salts of such compounds and metabolites. Such compounds, prodrugs, multimers, salts, and 
metabolites are sometimes referred to herein collectively as "active agents" or "agents/ 

In the case of agents that are solids, it is understood by those skilled in the art that 
the inventive compounds and salts may exist in different crystal or polymorphic forms, all of 
5 which are intended to be within the scope of the present invention and specified formulas. 

Therapeutically effective amounts of the active agents of the invention may be used 
to treat diseases mediated by modulation or regulation of protein kinases. An "effective 
amount* is intended to mean that amount of an agent that significantly inhibits proliferation 
and/or prevents de-differentiation of a eukaryotic cell, e:g., a mammalian, insect, plant or 

10 fungal cell, and is effective for the indicated utility, e.g., specific therapeutic treatment. 

Trie amount of a given agent that will correspond to such an amount will vary 
depending upon factors such as the particular compound, disease condition and its severity, 
the identity (e.g., weight) of the subject or host in need of treatment, but can nevertheless be 
routinely determined in a manner known in the art according to the particular circumstances 

15 surrounding the case, including, e.g., the specific agent being administered, the route of 
administration, the condition being treated, and the subject or host being treated. "Treating" is 
intended to mean at least the mitigation of a disease condition in a subject such as mammal 
(e.g., human), that is affected, at least in part, by the activity of one or more kinases, for 
example protein kinases such as tyrosine kinases, and includes: preventing the disease 

20 condition from occurring in a mammal, particularly when the mammal is found to be 
predisposed to having the disease condition but has not yet been diagnosed as having it; 
modulating and/or inhibiting the disease condition; and/or alleviating the disease condition. 

Agents that potently regulate, modulate, or inhibit cell proliferation are preferred. 
For certain mechanisms, inhibition of the protein kinase activity associated with CDK 

25 complexes, among others, and those, which inhibit angiogenesis and/or inflammation are 
preferred. The present invention is further directed to methods of modulating or inhibiting 
protein kinase activity, for example in mammalian tissue, by administering an inventive 
agent. The activity of agents as antiproliferatives is easily measured by known methods, 
for example by using whole cell cultures in an MTT assay. The activity of the inventive 

30 agents as modulators of protein kinase activity, such as the activity of kinases, may be 
measured by any of the methods available to those skilled in the art, including in vivo 
and/or in vitro assays. Examples of suitable assays for activity measurements include 
those described in International Publication No. WO 99/21845; Parast et al., 
Biochemistry, 37, 16788-16801 (1998); Connell-Crowley and Harpes, Ceil Cycle: 

35 Materials and Methods, (Michele Pagano, ed. Springer, Berlin, Germany)(1995); 
International Publication No. WO 97/34876; and International Publication No. WO 
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96/14843. These properties may be assessed, for example, by using one or more of the 
biological testing procedures set out in the examples below. 

The active agents of the invention may be formulated into pharmaceutical 
compositions as described be.ow. Pharmaceutical compositions of this invention 
5 comprise an effective modulating, regulating, or inhibiting amount of a compound of 
Formula I or Formula I. and an inert, pharmaceutical* acceptable earner or diluent .n 
one embodiment of the pharmaceutical compositions, efficacious levels of the inventive 
agents are provided so as to provide therapeutic benefits involving anti- P ro.iferative 
abHrty. By "efficacious levels" is meant (evels in which proliferation is inhibited, or 
10 controlled. These compositions are prepared in unit-dosage form appropriate for the 
mode of administration, e.g., parenteral or oral administration. 

An inventive agent can be administered in conventional dosage form prepared by 
combining a therapeutically effective amount of an agent (e.g., a compound of Formula I) as 
an active ingredient with appropriate pharmaceutical earners or diluents according to 
.5 conventional procedures. These procedures may involve mixing, granulating and 
compressing or dissolving the ingredients as appropriate to the desired preparation 

The pharmaceutical carrier employed may be either a solid or liquid. Exemplary of 
solid carriers are lactose, sucrose, talc, gelatin, agar, pectin, acacia, magnesium stearate 
stearic acid and the like. Exemplary of liquid earners are syrup, peanut oil. olive oil. water and 
me hke. Similarly, the earner or dfluent may include time-delay or time-release materia, 
known .n the art. such as glyceryl monostearate or glyceryl distearate alone or with a wax 
ethylcellulose, hydroxypropylmethylcellulose. methylmethacrylate and the like 

A variety of pharmaceutical forms can be employed. Thus, if a solid carrier is used 
the preparation can be tableted. pfaced in a hard gelatin eapsu.e in powder or pellet form or in 
the form of a troche or lozenge. The amount of solid carrier may vary, but generally will be 
from about 25 mg to about 1 g. .f a liquid earner is used, the preparation will be in the form of 
syrup, emulsion, soft gelatin capsule, sterile injectable solution or suspension in an ampoule 
or vial or non-aqueous liquid suspension. 

To obtain a stable water-soluble dose form, a pharmaceutical* acceptable salt of an 
inventive agent can be dissolved in an aqueous solution of an organic or inorganic acid, such 
as 0.3M solution of succinic acid or citric acid. If a soluble salt form is not available, the agent 
may be dissolved in a suitable cosolvent or combinations of cosolvents. Examples of suitable 
cosolvents include, but are not limited to. alcohol, propylene glycol, polyethylene glycol 300 
polysorbate 80. glycerin and the like in concentrations ranging from 0-60% of the total 
volume, in an exemplary embodiment, a compound of Formula I is dissolved in DMSO and 
d-luted with water. The composition may also be in the form of a solution of a sa,t form of the 
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active ingredient in an appropriate aqueous vehicle such as water or isotonic saline or 
dextrose solution. 

It will be appreciated that the actual dosages of the agents used in the compositions 
of this invention will vary according to the particular complex being used, the particular 
5 composition formulated, the mode of administration and the particular site, host and disease 
being treated. Optimal dosages for a given set of conditions can be ascertained by those 
skilled in the art using conventional dosage-determination tests in view of the experimental 
data for an agent. For oral administration, an exemplary daily dose generally employed is 
from about 0.001 to about 1000 mg/kg of body weight, with courses of treatment repeated at 

10 appropriate intervals. Administration of prodrugs is typically dosed at weight levels that are 
chemically equivalent to the weight levels of the fully active form. 

The compositions of the invention may be manufactured in manners generally known 
for preparing pharmaceutical compositions, e.g., using conventional techniques such as 
mixing, dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating, 

15 entrapping or lyophilizing. Pharmaceutical compositions may be formulated in a conventional 
manner using one or more physiologically acceptable carriers, which may be selected from 
excipients and auxiliaries that facilitate processing of the active compounds into preparations 
that can be used pharmaceutically. 

Proper formulation is dependent upon the route of administration chosen. For 

20 injection, the agents of the invention may be formulated into aqueous solutions, preferably in 
. physiologically compatible buffers such as Hanks's solution, Ringer's solution, or physiological 
saline buffer. For transmucosal administration, penetrants appropriate to the barrier to be 
permeated are used in the formulation. Such penetrants are generally known in the art. 

For oral administration, the compounds can be formulated readily by combining the 

25 compounds with pharmaceutically acceptable carriers known in the art. Such carriers enable, 
the compounds of the invention to be formulated as tablets, pills, dragees, capsules, liquids, 
gels, syrups, slurries, suspensions and the like, for oral ingestion by a patient to be treated. 
Pharmaceutical preparations for oral use can be obtained using a solid excipient in admixture 
with the active ingredient (agent), optionally grinding the resulting mixture, and processing the 

30 mixture of granules after adding suitable auxiliaries, if desired, to obtain tablets or dragee 
cores. Suitable excipients include: fillers such as sugars, including lactose, sucrose, 
mannitol, or sorbitol; and cellulose preparations, for example, maize starch, wheat starch, rice 
starch, potato starch, gelatin, gum, methyl cellulose, hydroxypropylmethyt-cellulose, sodium 
carboxymethylcellulose, or polyvinylpyrrolidone (PVP). If desired, disintegrating agents may 

35 be added, such as crosslinked polyvinylpyrrolidone, agar, or alginic acid or a salt thereof such 
as sodium alginate. 
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Dragee cores are provided with suitable coatinos Fnr thi. 

- - fo ™ - — - 

15 For administration intranasal^ or bv inhalation th* ~ 
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solubility of the compounds to allow for . • 9 ' ' nCrease the 

pounds to allow for me preparation of highly concentrated solutions. 
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For administration to the eye, the agent is delivered in a pharmaceutical acceptable 
ophthalmic vehicle such that the compound is maintained in contact with the ocular surface 
for a sufficient time period to allow the compound to penetrate the corneal and internal 
regions of the eye, for example, the anterior chamber, posterior chamber, vitreous body, 

5 aqueous humor, vitreous humor, cornea, iris/ciliary, lens, choroid/retina and sclera. The 
pharmaceutical^ acceptable ophthalmic vehicle may be an ointment, vegetable oil, or an 
encapsulating material. A compound of the invention may also be injected directly into the 
vitreous and aqueous humor. 

Alternatively, the agents may be in powder form for constitution with a suitable 

10 vehicle, e.g., sterile pyrogen-free water, before use. The compounds may also be formulated 
in rectal compositions such as suppositories or retention enemas, e.g, containing 
conventional suppository bases such as cocoa butter or other glycerides. 

In addition to the formulations described above, the agents may also be formulated 
as a depot preparation. Such long-acting formulations may be administered by implantation 

15 (for example, subcutaneously or intramuscularly) or by intramuscular injection. Thus, for 
example, the compounds may be formulated with suitable polymeric or hydrophobic materials 
(for example, as an emulsion in an acceptable oil) or ion-exchange resins, or as sparingly 
soluble derivatives, for example, as a sparingly soluble salt. 

An exemplary pharmaceutical carrier for hydrophobic compounds is a cosolvent 

20 system comprising benzyl alcohol, a nonpolar surfactant, a water-miscible organic polymer, 
and an aqueous phase. The cosolvent system may be a VPD co-solvent system. VPD is a 
solution of 3% w/v benzyl alcohol, 8% w/v of the nonpolar surfactant polysorbate 80, and 65% 
w/v polyethylene glycol 300, made up to volume in absolute ethanol. The VPD co-solvent 
system (VPD:5W) contains VPD diluted 1:1 with a 5% dextrose in water solution. This co- 

25 solvent system dissolves hydrophobic compounds well, and itself produces low toxicity upon 
systemic administration. Naturally, the proportions of a co-solvent system may be varied 
considerably without destroying its solubility and toxicity characteristics. Furthermore, the 
identity of the co-solvent components may be varied: for example, other low-toxicity nonpolar 
surfactants may be used instead of polysorbate 80; the fraction size of polyethylene glycol 

30 may be varied; other biocompatible polymers may replace polyethylene glycol, e.g. polyvinyl 
pyrrolidone; and other sugars or polysaccharides may be substituted for dextrose. 

Alternatively, other delivery systems for hydrophobic pharmaceutical compounds may 
be employed. Liposomes and emulsions are known examples of delivery vehicles or carriers 
for hydrophobic drugs. Certain organic solvents such as dimethylsulfoxide also may be 

35 employed, although usually at the cost of greater toxicity. Additionally, the compounds may 
be delivered using a sustained-release, system, such as semi-permeable matrices of solid 
hydrophobic polymers containing the therapeutic agent. Various sustained-release materials 
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have been established and are known by those ski.,ed in the art. Sustained-re.ease capsu«es 
r„ T 00 th6ir re ' eaSe for a fe » -eks up to over 

eaoe J dri ? endin9 °" ^ ^ "» * " *. therapeutic 

reagent, addmonal strategies for protein stabilization may be employed 
5 The pharmaceutical compositions a.so may comprise suitabte solid- or gel-phase 

-rners or excipients. Examples of such carriers or excipients indude calcium cLnate 

Some of the compounds of the invention may be provided as salts with 
^7«V-pa«b,ecounterion, Pharmaceutic compatib,e saits may be formed 

sl ZT t ' nC,Udin9 hydr0Ch '° riC - SU " UriC - -* ,aCfc ' «c. ec 

Sate tend to be more so«ub.e in aqueous or other protonic solvents than are the 

corresponding free-base forms. 

.5 T Mtm ^ ° f ^ inVenti ° n ^ be USefU ' in COmbina,ion with ""own anti-cancer 

.5 treatments such as: DNA interactive agents such as cisplatin or doxorubicin; topoisomeraseT 
: nh,b rt orssuchasetoposide:topoi S omerase,^^ on SZZl 
•nteracbng agents such as paCitaxe.. docetaxe, or the epothilones; hormone, agents iuc 
rne^r IT" - - ~ : and an ti -meta,b 0 ,ites s 

% 20 . ' ^ - -^V. «« wn^ administered 

equenta y. the agents may be administered either prior to or after administration of the 
known anticancer or cytotoxic agent ™ 
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descnbed ,n deta,. ,n the foHowing examp.es. but the artisan wi« recognize that the chemica, 
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compounds accordmg to the invention may be successfully performed by medications 
apparent to those ski„ed in the art. e.g.. by appropriate* protecting interfering groups 
changmg to other suitab.e reagents known in the art. or by making routne modiLions I 
reacbon cond rt ,on, Alternate.* other reasons disclosed herein or generally known in the 
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in the examples described below, unless otherwise indicated, all temperatures are set 

ulldT 8 Ce ' SiUS ^ a " PanS ^ d Percen ^es.are by weigh,. Reagents were 
purchased from commercial suppliers such as Aldrich Chemica. Company or Lancaster 
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Synthesis Ltd. and were used without further purification unless otherwise indicated. 
Tetrahydrofuran (THF), N,N-dimethylformamide (DMF), dichloromethane, toluene, and 
dioxane were purchased from Aldrich in Sure seal bottles and used as received. All solvents 
were purified using standard methods readily known to those skilled in the art, unless 
5 otherwise indicated. 

The reactions set forth below were done generally under a positive pressure of argon 
or nitrogen or with a drying tube, at ambient temperature (unless otherwise stated), in 
anhydrous solvents, and the reaction flasks were fitted with rubber septa for the introduction 
of substrates and reagents via syringe. Glassware was oven dried and/or heat dried. 

10 Analytical thin layer chromatography (TLC) was performed on glass-backed silica gel 60 F 
254 plates Analtech (0.25 mm) and eluted with the appropriate solvent ratios (v/v), and are 
denoted where appropriate. The reactions were assayed by TLC and terminated as judged 
by the consumption of starting material. 

Visualization of the TLC plates was done with a p-anisaldehyde spray reagent or 

15 phosphomolybdic add reagent (Aldrich Chemical 20 wt % in ethanol) and activated with heat. 
Work-ups were typically done by doubling the reaction volume with the reaction solvent or 
extraction solvent and then washing with the indicated aqueous solutions using 25% by 
volume of the extraction volume unless otherwise indicated. Product solutions were dried 
over anhydrous Na 2 S0 4 prior to filtration and evaporation of the solvents under reduced 

20 pressure on a rotary evaporator and noted as solvents removed in vacuo. Flash column 
chromatography (Still et al., J. Org. Chern., 43, 2923 (1978)) was done using Baker grade 
flash silica gel (47-61 urn) and a silica gel: crude material ratio of about 20:1 to 50:1 unless 
otherwise stated. Hydrogenolysis was done at the pressure indicated in the examples or at 
ambient pressure. 

25 'H-NMR spectra were recorded on a Bruker instrument operating at 300 MHz and 

13 C-NMR spectra were recorded operating at 75 MHz. NMR spectra were obtained as CDCI 3 
solutions (reported in ppm), using chloroform as the reference standard (7.25 ppm and 77.00 
ppm) or CD 3 OD (3.4 and 4.8 ppm and 49.3 ppm), or internally tetramethylsilane (0.00 ppm) 
when appropriate. Other NMR solvents were used as needed. When peak multiplicities are 
30 reported, the following abbreviations are used: s (singlet), d (doublet), t (triplet), m (multiplet), 
br (broadened), dd (doublet of doublets), dt (doublet of triplets). Coupling constants, when 
given, are reported in Hertz (Hz). 

Infrared (IR) spectra were recorded on a Perkin-Elmer FT-IR Spectrometer as neat 
. oils, as KBr pellets, or as CDCI 3 solutions, and when given are reported in wave numbers 
35 (cm 1 ). The mass spectra were obtained using LSIMS or electrospray. All melting points (mp) 
• are uncorrected. 
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Ai»» m ■ acetonitnte to form compounds of formula is 

Alternatively to using compounds of formula 14a 14b aortic formula 15. 

where R ita „* .14b and 14c, compounds of formula 14 

Example (1a): 6-methoxybenzo[b]thlophene 



mmole) and bromoacetaldehyde diethyl acetal (12ml 15 7 2a BOnJj "- 15 9.8° 
was stirred a t am K;.„. . 9 ' 0 mmole ) Ir < acetone (100 ml) 
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dried over Na 2 S0 4 and concentrated, in vacuo, to give 20.4 g of an amber oil which was used 
directly in the subsequent cyclization without any further purification. 

Method A: A solution of this crude 1-(2,2-diethoxyethylsulfanyl)-3-methoxybenzene 
(6.41 g, 25 mmole) in CH 2 CI 2 (50 ml) was added, dropwise, to a solution of boron trifluoride 
etherate (3.4 ml, 3.81 g, 27 mmole) in CH 2 CI 2 (500 ml). The resultant solution was stirred at 
ambient temperature for an additional 30 minutes. Aqueous saturated NaHC0 3 (200 ml) was 
added and the two-phase mixture was stirred for another hour. The layers were separated 
and the aqueous phase was extracted with CH 2 CI 2 (150 ml). The combined organic extracts 
were dried over Na 2 S0 4 and concentrated, in vacuo, to give 4.3 g of a red oil which was 
purified by silica gel chromatography. Elution with hexane: Et z O (98:2) and evaporation of the 
appropriate fractions gave 1.62 g (39%) of a colourless oil. 

Method B: A solution of the crude 1-(2,2-diethoxyethyIsulfanyl)-3-methoxybenzene 
(8.27 g, 32.3 mmole) in hexane (100 ml) was added, dropwise, to a solution of 
methanesuifonic acid (1.05 ml, 1.55 g t 16.1 mmole) in hexane (1000 ml) containing 16.5 g of 
celite (2 wt. eq.). The resultant solution was heated at reflux for one hour. After cooling to 
room temperature, the reaction was quenched by addition of Et 3 N (4.5 ml, 3.26 g, 32.3 
mmole). The crude reaction mixture was filtered and the filtrate was concentrated, in vacuo, to 
give a red oil which was purified by silica gel chromatography. Elution with hexane: Et 2 0 
(98:2) and evaporation of the appropriate fractions gave 3.35 g (63%) of a colorless oil. 1 H 
NMR (DMSO-d 6 ) 6 7.74 (1 H, d, J = 8.7 Hz), 7.56 (1 H, d, J = 2.3 Hz), 7.52 (1 H, d, J = 5.3Hz), 
7.33 (1 H, d, J = 5.3Hz), 6.99 (1 H, dd, J = 2.3, 8.7 Hz), 3.81 (3H, s). Ana!. Calcd. for C 9 H 8 OS: 
C, 65.82; H, 4.91; S, 19.53. Found: C, 66.01; H, 5.00; S, 19.40. 
Example 1(b): 6-methoxy-2-methylbenzo[b]thiophene 



A 2.5 M solution of n-butyllithium in hexanes (20 ml, 50 mmole) was added under 
argon to a solution of 6-methoxybenzo[b]thiophene 1a (3.68 g, 22.4 mmole) in THF (150 ml) 
at -75°. After stirring at -75° for a further 30 minutes, the cooling bath was exchanged and the 
reaction warmed to -10°C prior to addition of CH 3 I (4.2 ml, 9.58 g, 67 mmole). The resultant 
mixture was stirred at 0°C for an additional 30 minutes, then allowed to gradually warm to 
room temperature before diluting with saturated NaHC0 3 (150 ml). The layers were separated 
and the aqueous phase was extracted with EtOAc (2 x 100 ml). The combined organic 
extracts were dried over Na 2 S0 4 and concentrated, in vacuo, to give 4.2 g of an amber oil 
which was purified by silica gel chromatography. Elution with hexane: E^O (98:2) and 
evaporation of the appropriate fractions gave 3.63 g (91 %) of a colourless oil. 1 H NMR 
(DMSO-de) 5 7.57 (1 H, d, J = 8.7 Hz), 7.43 (1 H, d, J = 2.4 Hz), 6.99 (1 H, s), 6.92 (1 H, dd, J = 
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2-4. 8.7 Hz). 3.78 (3H. s). 2.50 (3H. s). Ana,. Gated, for C„H 10 OS: C. 67 38- H 5 66- S 
17.99. Found: C. 67.42; H. 5.74; S, 17.87. ' ' 

Hxamp,e 1(c): ^ry^^om^^o^U: acid m ethy,a m ,de 
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AICI 3 (2.69 g. 20 mmole) ,n CH 2 CI 2 (20 ml) at 0". After stirring at 0° for a further 30 minute! 
asoiuaonofe-methox^^^ 

were separated and the aqueous phase was extracted with CH2 CI 2 (3 x 50 mi) The combined 

amber res,n which was emptoyed without further purification ^omgofan 

THF f50 A mh°r n " 7 ^ 0 ^ 2 " m ^benzo I b ]m io P hene^ rb o ny , chtoride in 
THF (50m.)wa S comb,nedw 1 tha2.0Mso ( utionofCH3 N H 2 inTHF(20m. 40mmo,e) The 

^ CH^ 71 (5 ( t ^ ,ayerS Wefe S6parated a " d - « P<-e was extracted 
rJl?J "* C ° mbined 0r9an,C eX,raCt5 W6re dried ove ' Na *S°< and 
Zm2l: T' t0 ^ 08 9 ° f a " ^ *** ^"-spunfiedbysiiicage, 
^romatography. Eiution with CH 2 C* EtOAc (80:20) and evaporation of the appropriate 

rac,ons g a V e693mg(72«/ 0 )ofanoff-whiteso.id. 'H NMR (DMSO-d6) 8 8 15 (1 h n j- 

(3H.s).2,80(3H.d. J = 4.6H 2 ).2.53(3H.s). Anal. Calcd. for C 12 H 13 N0 2 S- C 61 25- H 

5.57; N, 5.95; S, 13.63. Found: C, 60.97; H, 5.56; N, 5.85- S 13 44 

Exempt 1(d): e-hydroxy-a-methytbenzoMthiophene-a^rboxyHc ac,d me,hy,amlde 

w 

_ A 1 .0 m soiution of BBr 3 in CH 2 C. 2 (6 mi. 6 mmole) was added to a solution of 6- 

. i CH 2 C (60 m„ at 0 . The reaction was left stirring for 14 hours, graduaily warming to 
amb en, temperature, then poured onto crushed ice (-70 g). The iayers were separated and 
the aqueous phase was extracted with EtOAc (2 x 50 m„. The combined organic extracts 
were dned overhand concentrate, /n ,acu 0 . to give 623 mg (97 % )o a be ge otd 
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which was employed without further purification. ! H NMR (DMSO-d6) 8 9.56 (1 H, s), 8.1 1 
(1H. q, J = 4.4 Hz), 7.53 (1H, d, J = 8.7 Hz), 7.18 (1H, d, J = 2.3 Hz), 6.83 (1H, dd, J = 2.3, 
8.7 Hz), 2.79 (3H, d, J = 4.4 Hz), 2.50 (3H, s). 

Example 1(e): 7-chloro-2-(1-methyMH-imfdazol-2-yl)thieno[3,2-b]pyridine 



The title compound was prepared by the method described in PCT application WO- 
99/24440, Example 149; incorporated herein by reference. 
Example 1 : 2-methyl-6-(2-[1 -methyM H-i midazol-2-y l]thieno[3,2-b] py rid in-7- 
10 yloxy)benzo[b]thiophene-3-carboxylic acid methylamide 



A solution of 7-chloro-2-(1-methyl-1H-imidazol-2-yl)thieno[3,2-b]pyridine 1e (100 mg, 
0.4 mmole) and 6-hydroxy-2-methylbenzo[b]thiophene-3-carboxylic acid methylamide 1d (133 

15 mg, 0.6 mmole) in DMSO (10 ml) was purged with argon for minutes at ambient temperature 
prior to addition of freshly crushed Cs 2 C0 3 (651 mg, 2 mmole). The resultant reaction mixture 
was heated at 1 10° for 2 hours. After cooling to room temperature, the crude reaction mixture 
was poured into cold water (60 ml). The precipitate that formed was collected by filtration and 
purified by silica gel chromatography. Elution with CH 2 CI 2 : CH 3 OH (95:5) and evaporation of 

20 the appropriate fractions gave 69 mg (40%) of an off-white solid. . 1 H NMR (DMSO-d6): 5 
8.52 (1 H, d. J = 5.4 Hz), 8.29 (1 H, q, J = 4.6 Hz), 7.95 (1 H, d, J = 2.3 Hz), 7.88 (1 H, s), 7.85 
(1 H, d, J = 8.8 Hz), 7.40 (1 H, d, J = 0.8 Hz), 7.32 (1 H, dd, J = 2.3, 8.8 Hz). 7.02 (1 H, d, J = 
0.8 Hz), 6.70 (1H, d, J = 5.4 Hz), 3.98 (3H, s), 2.83 (3H, d, J = 4.6 Hz), 2.60 (3H, s). AnaL 
Calcd. for CzaH^N^Sj^O.S CH2CI 2 »0.2 CH 3 OH: C, 57.94; H, 4.19; N, 12.01. Found: C, 

25 57.67; H, 4.13; N, 12.04. 

Example 2(a): 7-chloro-2-[(S)-2-(methoxymethyl)pyrrolidine-1 -carbonyl]thieno[3,2- 
b]pyridine 
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in DMF Zn ^ ^ 7 - ch,orothfe -I3.2-b]pyr.d i ne-2-c a rb 0xy ,ate (6.59 g. 30 mmo.e) 

n DMF (100 mo were added diisopropyielhylamine, (6 ml, 4.45 g. 34.4 mmole). benzotriazol- 
1-yloxytn S (pyrrolidino)phosphonium hexafluorophosphate (16.16 g. 31 mmo.e) and S-W-2- 
(rne^xymethyOpyrrpHdine (3.73 g, 32.4 mmole). The resultant reaction mixture was stirred at 
amb.ent temperaure for 1 6 hours. The crude reaction mixfcre was poured into water (600 ml) 
and extracted with EtOAc (3 x 200 ml). The combined organic extracts were washed with 
water (4 x 200 ml), dried over Na 2 SO< and concentrated, in vscuo, to give 8.8 g of an amber 
.0,1. wh.ch was purified by silica gel chromatography. Elution with Et 2 0:EtOAc (67 33, and 
evaporat l onoftheap P ropriatefraction S gave6.89g(74o/.)ofanorangesyrup ' H NMR 
(DMSO^): 8 8.62 (1H. d. J = 5.0 Hz). 7.88 (1H. s). 7.35 (1H. d. J = 5.0 Hz). 4.54-4.47 (1 H 
m). 3.93-3.75 (2H. m). 3.71-3.55 (2H. m). 3.37 (3H. s). 2,5-1.92 (4H. m). Ana,. Calcd for ' 

T^S*? I 541 * Hl 487: Ni 901: s> 1032: 0,1 ,1 - 41 - Found: c - 53 - 9 * Exam p ,e 

2. ^2-[(S).2^methox y meth y 0pyrrol.dine-1- ra rbonyl]thieno[3,2-b]pyridin.7-yloxy)- 2- 
meth y ibenzo[b]thiophene-3H:arboxylic acid methylamide 



This material was prepared by the reaction of 7-chloro-2-[(S)-2- 
(methoxymemyl)^^^^ u m mg ^ m 

hydroxy-2-meth y .benzo(b)thiophene-3<arboxy.ic acid melhylamide 1d (164 mg. 0 7 mmole) 
and CsaCQa (868 mg. 2.7 mmo.e) in a manner as previously described for example 1 to give 
178 mg (73%) of a yellow solid. *H NMR (DMSO-d 6 ): 5 8.57 (1H. d. J = 5.4 Hz) 829 (1H a 
J- -4.5 Hz). 8.02 (1H. s). 7.95 (1H. d. J = 2.2 Hz). 7.85 (1H. d. J = 8.8 Hz). 7.32 (1H. dd J - 
2.2. 8.8 Hz). 6.75 (1H. d. J = 5.4 Hz). 4.37-4.23 (1H. m). 3.95-3.74 (2H. m). 3.60-3.48 (2H m) 

WWW * °' 60 58: H ' 5 08: N ' » S. 12-94. Found: C. 60.55; H. 5.33; N. 8 27- S 
12.68, 

Example 3(a): ^-chloro-^KS^hydroxymethyOpyrroIidine-l^arbonyllthieno [3 2- 
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HO 



Q 4 




N 



This material was prepared by the coupling of lithium 7-chlorothieno[3,2-b]pyridine-2- 
carboxylate and S-(+)-2-(hydroxymethyl)pyrrolidine in a manner as previously described for 
5 example 2a to give 4.95 g (55%) of an off-white solid. 'H NMR (DMSO-d 6 ): 5 8.72 (1 H, d f J 
= 5.1 Hz), 8.08 (1H, s), 7.68 (1H, d, J = 5.1 Hz), 4.27-4.13.(1 H.m), 3.94-3.73 (2H, m), 3.67- 
3.44 (2H, m), 2.09-1 .79 (4H, m). 

Anal. Calcd. for C 13 H 13 N 2 02SCI: C, 52.61; H, 4.42; N, 9.44; S t 10.80; Cl t 11.95. Found: C, 
52.61; H, 4.52; N, 9.62; S. 10.59; CI, 11.96. 
10 Example 3(b): 7-chloro-2-[(S)-2-([t-butyldimethylsilyloxy]methyl)pyrrolldlne-1- 
carbonyl]thieno[3,2-b]pyridine 



To a stirred solution of 7-chloro-2-[(S)-2-(hydroxymethyl)pyrrolidine-1- 
carbony!]thieno[3,2-b]pyridine 3a (4.50 g, 15 mmole) were added t-butyldimethylchlorosilane 

15 (3.18 g, 21 mmole) and triethylamine (3.4 ml, 2.47 g, 24 mmole). The resultant reaction 
mixture was stirred at ambient temperaure for 16 hours. The crude reaction mixture was 
poured into water (1 50 ml) and extracted with CH 2 CI 2 (1 50 ml). The combined organic 
extracts were washed with brine (1 50 ml), dried over Na 2 S0 4 and concentrated, in vacuo, to 
give 7.8 g of an orange syrup, which was purified by silica gel chromatography. Elution with 

20 Et 2 0:hexane (67:33) and evaporation of the appropriate fractions gave 5.73 g (92%) of an off- 
white solid. . 1 H NMR (DMSO-d 6 ): 6 8.72 (1 H, d, J = 5.0 Hz), 8.07 (1 H, s), 7.68 (1 H, d, J = 
5.0 Hz), 4.30-4.15 (1H, m), 3.94-3.67 (4H, m), 2.12-1.81 (4H, m), 0.85 (9H, s), 0.03 (3H, s), 
0.00 (3H, s). Anal. Calcd. for C 19 H 27 N 2 0 2 SCISi: C, 55.52; H, 6.62; N, 6.82; S, 7.80; CI, 8.63. 
Found: C, 55.49; H, 6.46; N, 6.92; S, 7.80; CI. 8.88. 

25 Example 3: 6-(2-[(S)-2-(hydroxymethyl)pyrrolIdlne-1-carbonyl]thleno[3,2-b]pyridin-7- 
yloxy)-2-methylbenzo[b]thiophene-3-carboxylic acid methylamlde 



ci 
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Example 3 w« p repM d 6y »» reactcno, 7<W0fo . 2flS) . 2 . 
«an,ple1 K9 v, affimg (3« )0 , a>eto „ MM 'H NMR (DMSO-<^): S8S7(,h d J-53 

56.81, H, 4.78; N, 7.99; S, 12.49. 
Exarnp,e 4(a): ™oro-2* R ^^ 

i% CI 



15 




20 



_ This materia, was prepared by the coupling of Mhm 7-ch I orothienof3. 2 -b] pyrid ine-2 
Examp,e 4(b): ™oro-2- K R^^ 



CI 




25 



0-9. 6.6 in THF (150 ml) was eocad . -,„>„,,„ t0 ^ „ ^ * 

m,no as. , oaome , hane (4 ml , , , „ ^ ^ ^ « 40 

sdmed » «o*« 3 ^ ^ „ ^ ^ ^ jJ*!*- 

m«u,a was waml with pataaw NaHC0 3 (,50 ml). tm> ««M wM, EPDAc (2 x ,00 
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ml). The combined organic extracts were dried over Na 2 S0 4 and concentrated, in vacuo, to 
give 2.4 g of an amber paste, which was purified by silica gel chromatography. Elution with 
CH 2 CI 2 : CH 3 OH (98:2) and evaporation of the appropriate fractions gave 1 .64 g (84%) of a 
yellow solid. 1 H NMR (DMSO-d 6 ): 5 8.73 (1H, d, J = 5.1 Hz), 8.15 (1H, s), 7.69 (1H, d, J = 
5.1 Hz), 4.11-3.83 (3H, m), 3.69-3.47 (2H, m), 3.27, 3.24 (3H, s), 2.18-1.93 (2H, m). Anal. 
Calcd. for C 13 H W N 2 0 2 SCI: C, 52.61; H, 4.42; N, 9.44; S, 10.80; CI, 11.95. Found: C, 52.76; 
H, 4.47; N, 9.38; S, 10.84; CI, 12.01. 

Example 4: 6^2-[(R)-3-methoxypyrrolidine-1-carbonyl]thieno[3,2-b]pyridin-7-yloxy)-2- 
methylbenzo[b]thiophene-3-carboxylic acid methylamlde 



MeO 1 



This material was prepared by the reaction of 7-chloro-2-[(R)-3-methoxypyrroIidine-1- 
carbonyl]thieno[3 f 2-b]pyridine 4b (267 mg, 0.9 mmole) with 6-hydroxy-2- 
^ methytbenzo[b]thiophene-3-carboxylic acid methylamlde 1d (299 mg, 1 .4 mmole) and Cs 2 C0 3 

15 (1 .47 g, 4.5 mmole) in a manner as previously described for example 1 to give 356 mg (82%) 
of a yellow solid. 1 H NMR (DMSO-d 6 ): 8.58 (1 H, d, J = 5.4 Hz), 8.29 (1H, q, J= 4.6 Hz), 8.06 
(1H, s), 7.96 (1H, d, J = 2.3 Hz), 7.85 (1H, d, J = 8.7 Hz), 7.32 (1H, dd, J = 2.3, 8.7 Hz), 6.75 
(1H, d, J = 5.4 Hz), 4.1 1-3.82 (3H, m), 3.68-3.45 (2H, m), 3.27, 3.24 (3H, s), 2.83 (3H, d, J = 
4.6 Hz). 2.60 (3H, s), 2.1 7-1 .93 (2H, m). Anal. Calcd. for C 24 H 23 N 3 O 4 S 2 *0.4 H 2 0: C, 58.97; 

20 H. 4.91; N, 8.60; S, 13.12. Found: C> 58.98; H, 4.98; N, 8.40; S, 13.37. 

Example 5(a): 3,4-c/s-dihydroxy-pyrrolidine-1-carboxylic acid benzyl ester 



OH 

To a solution of benzyl 3-pyrroiine-1-carboxylate (15 g, 90%, 66.4 mmole) in THF 
(100 ml) and water (25 ml) was added osmium tetroxide (10 ml, 2.5 wt. % solution in 2- 
25 methyt-2-propanol, 0.8 mmole) and 4-methylmorpholine N-oxide (8.56 g, 73 mmole) as solid. 
The mixture was stirred at room temperature overnight and concentrated, in vacuo. The 
residue was re-dissolved in EtOAc (300 ml) and washed with aqueous Na 2 S0 3 (1.5 g in 100 
ml water) solution, aqueous NaHC0 3 solution and brine. The combined aqueous layer was 
extracted once with EtOAc (100 ml). The combined organic extracts were dried over Na 2 S04 
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B-P* 5(b): ^^-teWna^M^ ^ benzy , ea>r 



OMe 



10 



15 



<^2^ 

at 0'; sodium hydrto (6 4 ™ "° "~ *»« todo "«^ & 9. 257 mmoie) 

The mixture was aZ^Im 0,, • """^ WaS added -* as at 0'. 

hours. A q ueo si?Ha ( 0 ;Z 

vacuo, to remove THF Therel j * ** "»"* WaS C °™«». *• 

o remove thf. The residue was re-dissolved in EtOAc Mnn mt \» * . 

water and brine. The organic .ayer was dned over Na SO 1 



!0 



OMe 



WO 03/106462 



PCT/IB03/02393 



42 



CI 




OMe 



This material was prepared by the coupling of lithium 7-chlorothieno[3,2-b]pyridine-2- 
carboxylate and 3,4-cis-dimethoxypyrrolidine 5c in a manner as previously described for 
example 2a to give a pale yellow syrup. 1 H NMR (CD 3 OD): 6 8.70 (1 H, d, J = 5.1 Hz), 8.03 
5 (1 H f s), 7.61 (1 H, d, J = 5.1 Hz). 4.20-4.07 (2H, m), 3.97-3.75 (2H, m), 3.52 (3H, s), 3.48 (3H, 
s), 3.35-3.29 (2H, m). 

Example (5): 6-(2-[meso-3,4-dimethoxypyrroiidine-1-carbony!]thieno[3,2-b]pyridin-7- 
yloxy)-2-methyIbenzo[b]thiophene-3-carboxylic acid methylamide 




This material was prepared by the reaction of 7-chloro-2-[meso-3,4- 
dimethoxypyrrolidine-1-carbonyl]thieno[3,2-b]pyridine 5d (164 mg, 0.5 mmole) with 6-hydroxy- 
2-methylbenzo[b]thiophene-3-carboxylic acid methylamide 1d (164 mg, 0.7mmole) and 

15 CS2CO3 (868 mg, 2.7 mmole) in a manner as previously described for example 1 to give 123 
mg (48%) of an off-white solid. 1 H NMR (DMSO-d 6 ): 5 8.59 (1 H, d, J = 5.4 Hz), 8.29 (1 H, q, 
J= 4.7 Hz), 8.07 (1 H, s). 7.96 (1 H, d. J = 2.3 Hz), 7.85 (1 H, d, J =* 8.8 Hz), 7.32 (1 H, dd, J = 
2.3, 8.8 Hz), 6.76 (1 H, d, J = 5.4 Hz), 4.12-3.98 (3H, m), 3.83 (1H, dd, J = 3.6, 9.1 Hz), 3.66 
(1H, dd, J = 4.8, 12.9 Hz). 3.51 (1H, dd, J = 4.2, 12.9 Hz), 3.36 (6H, s). 2.83 (3H, d, J = 4.7 

20 Hz), 2.60 (3H, s). Anal. Calcd. for CasH^NaOsSz^O.e H 2 0: C. 57.47; H, 5.06; N, 8.04; S, 
12.28. Found: C, 57.35; H, 5.02; N, 7.89; S, 12.37. 

Example 6: 6-(2-[(R)-3-hydroxypyrrolidine-1 -carbony!]thieno[3 ( 2-b]pyri din-7-yloxy)-2- 
methylbenzo[b]thiophene-3-carboxylic acid methylamide 
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This material was prepared from 6-(2-f(R)-3^ethoxypyrrolIdine-1. 

methyiamide 4 (1 72 mg. 0.4 mmo,e) by treatment with BBr, in a manner as previous* 
de^ribed for ^example 1d togive 108 mg (65%, 0 f an off-white soOd. «H NMR (DMSO-d,): S 
•58 1H. d. J = 5.3 Hz,, 8.29 (1H, q . J= 4.4 Hz). 8.06 (1H. s). 7.96 (1H. d, J= 1. 2 Hz, 7 85 
(1H. d. J = 8.7 Hz), 7.33 (1H. dd. J = 1.2, 8.7 Hz,. 6.75 (1H. d. J = 5.3 Hz, 4 44-4 27 OH ml 

1%^:^^™" -~ N ,a.4l : ,1,84. Pound: 

Example 7: ^-r^.«,h y droxyp yTO .ld«ne-1-carbo„ y0 , W 
y«oxy)-2- m ethy.benz 0[ b].h l ophene-3.carboxyHc acid methyiamide 

o / 



o 

HO' 



20 



25 



OH 

Example 7 was prepared from 6-(2-[meso-3,4-dimethoxypyrrolidine-1- 
carbon ylJ thieno[3.2-b]p^^^ 

methyiamide 5 (74 mg. 0.1 mmole) by treatment with BBr 3 in a manner as previously 
descr^dfore xampteldtogiveSI mg^ofanoff-whitesolid. 'H NMR (DMSO-dg): 5 
^ Vnl 1 8 (1H " Q ' J= 4 6 HZ) ' 7 " (1H - S) " 7 96 ™ * J - " HZ). 7.85 

( H dd, J = 5, . 12.8 Hz, 3.40 (1 H. dd. , = 4.4. 12.8 Hz). 2.83 (3H. d. J = 4.7 Hz,, 2.60 ( 3H 
s). scaled, for C 2S H 2S N 3 0 s S i .0.5NaBr.H 2 O: C. 49.95; H, 4.19; N. 7.60; S. 11 60 ' 
Found: C. 49.93; H. 4.15; N. 7.44; S. 11.44. 
Example 8a: 6-hydroxy-2-methy!benzo[b]thiophene 
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This material was prepared from 6-methoxy-2-methylbenzo[b]thiophene 1b (2.92 g, 
16,4 mmole) by treatment with BBr 3 in a manner as previously described for example 1d to 
give 2.51 g (93%) of a white solid. 1 H NMR (DMSO-d 5 ) 5 9.43 (1 H, s) t 7.47 (1 H, d, J = 8.5 
Hz), 7.14 (1H, d, J = 2.2 Hz), 6.92 (1H t s), 6.78 (1H, dd, J = 2.2, 8.5 Hz), 2.46 (3H, s). Anal. 
5 Calcd. for C 9 H 8 OS: C, 65.82; H, 4.91 ; S, 1 9.53. Found: C, 65.96; H, 5.1 1 ; S, 1 9.69. 
Example 8(b): 6-acetoxy-2-methylbenzo[b]thiophene 




Acetyl chloride (1.5 ml, 1.66 g, 21 mmole) and Et 3 N (3 ml, 2.18 g, 21.5 mmole) were 
added, sequentially, to a solution of 6-hydroxy-2-methylbenzo[b] thiophene 8a (2.51 g, 15 

10 mmole) in THF (120 ml) at 0°. The reaction was left stirring for 14 hours, gradually warming to 
ambient temperature, then diluted with EtOAc (100 ml) and washed with H 2 0 (100 ml) and 
brine (100 ml). The combined aqueous layers were extracted with EtOAc (100 ml). The 
combined organic extracts were subsequently dried over Na 2 S0 4 and concentrated, in vacuo, 
to give 3.9 g of a yellow solid which was purified by silica gel chromatography. Elution with 

15 hexane: Et 2 0 (90:10) and evaporation of the appropriate fractions gave 2.93 g (93%) of a 
white solid. 1 H NMR (DMSO-d 6 ) 8 7.70 (1 H, d, J = 8.6 Hz), 7.66 (1H, d, J = 2.2 Hz), 7.12 
(1H, s), 7.07 (1H, dd, J = 2.2, 8.6 Hz), 2.54 (3H, s), 2.27 (3H, s). Anal. Calcd. for CH^S: 
C, 64.05; H, 4.89; S, 15.55. Found: C, 63.84; H, 4.93; S, 15.57. 
Example (8c): 6-hydroxy-2-methylbenzo[b]thiophene-3-carboxylic acid 

20 cyclopropylamide 




This material was prepared from 6-acetoxy-2-methylbenzo[b]thiophene 8b (413 mg, 2 
mmole) by acylation with oxalyl chloride in the presence of AICI 3f followed by treatment with 
cyclopropylamine in a manner as previously described for example 1c to give 384 mg (78%) 
25 of a pale yellow solid. 1 H NMR (DMSO-d 6 ) 5 9.56 (1 H, s), 8.29 (1 H, d, J = 4.3 Hz), 7.48 

(1H, d, J = 8.7 Hz), 7.17 (1H, d, J = 2.2 Hz), 6.83 (1H, dd, J = 2.2, 8.7 Hz), 2.92-2.81 (1H, m), 
2.46 (3H, s), 0.74-0.66 (2H, m), 0.58-0.51 (2H, m). Anal. Calcd. for C 13 H 13 NO 2 S«0.2 H 2 0: C, 
62.23; H, 5.38; N, 5.60. Found: C. 62.22; H, 5.36; N, 5.60. 

Example 8: 6-(2-[(S)-2^hydroxymethyl)pyrrolIdine-1-carbonyl]thleno[3 t 2-b]pyrldin-7- 
30 yloxy)-2-methyIbenzo[b]thiophene-3-carboxylic acid cyclopropylamide 
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This material was prepared by the reaction of 7-cMon>&«g)-fr<i|. 
^imethylsily^^ 3b (206 mg Q g 

mmole) with 6-hydroxy-2-methylben 2 o(bJthio P hene-3^arbox y .ic acid cydopropyiamide 8c 
(1 86 mg, 0.75 mmole) and CSt C0 3 (868 mg, 2.7 mmole) in a manner as previously described 
for example 1 to give 132 mg (52%) of a yellow solid. 'H NMR (DMSO-ds): 8858(1H d J- 
5.4 Hz), 8.46 (1H, d, J= 4.3 Hz). 8.00 (1H. s). 7.95 (IH. d. J = 2.3 Hz). 7.80 (1H. d J= 8 8 
HZ). 7.32 (1H. dd. J = 2.3. 8.8 Hz). 6.75 (1H. d. J = 5.4 Hz). 4.90-4.72 (1H. m). 4.24-4 1 1 ( 1H 
m). 3.92-374 (2H. m). 3.64-3.43 (2H. m). 295-2.84 (1H. m). 2.57 (3H. s). 2.09-1.80 (4H m) " 
0.77-0.67 (2H. m). 0.60-0.52 (2H. m). Ana,. Calcd. for 0^,0^.0.4 CH^-0.4 CH 3 OH 
C, 58.06; H, 4.98; N, 7.58. Found: C, 58.03; H, 4.98; N, 7.52. 
Example 9(a): 1-benzhydrylazetidin-3-ol 




A m lX ture of (diphenylmethyl)amine (2.2 ml. 12.8 mmole). 2-chloromethyloxirane (2 0 
ml. 25.6mmole) in DMF (25 ml) were heated at 95 °C for 72 hours. The resultant yellow 
solution was cooled to 0" and treated with 0.5 M HCI (250 ml). The aqueous layer was 
washed with methyl tert -butyi ether (3 x 150 ml), and the organic layers were discarded The 
aqueous layer was made basic with NaOH and the resultant milky white suspension was 
extracted with methyl ferf-buty. ether (3 x 150 ml). The combined organic layers were washed 
w,th brine, dried over MgSO, and concentrated, in vacuo, to a clear oil (3.1 g) The oil was 
tnturated with cyclohexane and methyl tert -butyl ether and provided a white solid (23 g 
74%): TLC (4% methanol-chloroform with 0.1% ammonium hydroxide) R, 0 3- 'h-NMr' 
(DMSO-C4. 400 MHz) 8 7.40-7.38 (4H. m). 7.27-7.23 (4H. m). 7.17-7.13 (2H. m). 5.28 (1H d 

J = 6.3 Hz), 4.34 (1H. s). 4.22-4.18 (1H.m), 3.36-3.34 (2H.m). 2.69-2.66 (2H.m). 
Example 9(b): 3-hydroxyazetidine-1-carboxy«c acid tert-butyl ester 
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1-Benzhydryl-azetidin-3-ol 9a (4.0 g, 16.7 mmole), EtOAc (150 ml), di-fe/t-butyl 
dicarbonate (4.4 g, 20.1 mmole) and 20% Pd(OH) 2 on carbon (0.8 g, 20 wt.%) were 
sequentially added to a round bottom flask. The mixture was degassed and purged with 
hydrogen. The hydrogenolysis was completed after 24 hours at one atmosphere. The 
5 reaction mixture was filtered through celite and concentrated, in vacuo, to a clear oil (7.0 g). 
The crude product was dissolved in CH 2 CI 2 (10 ml) and purified over a silica gel plug (35 g), 
which was eluted with CH 2 CI 2 (150 ml) followed by EtOAc (150 ml). The EtOAc fractions 
were concentrated, in vacuo, to a clear oil (3.1 g, >100%): TLC (50% ethyl acetate- 
cyclohexane) R, 0.4 (! 2 stain); 1 H-NMR (DMSO-dfe. 300 MHz) 5 5.62 (1 H, d, J = 6.4 Hz), 4.39- 
10 4.32 (1 H, m), 3.97 (2H, t, J = 7.8 Hz), 3.57 (2H, t, J = 4.4 Hz), 1 .35 (9H, s). 
Example 9(c): Azetidin-3-ol trifluoroacetic acid salt 

.oh 



H* TFA 

3-Hydroxy-azetidine-1 -carboxylic acid tert-butyt ester 9b (0.73 g, 4.2 mmole) was 
dissolved in CH 2 CI 2 (2 ml) and trifluoroacetic add (2 ml). CAUTION: The deprotection 
15 generated a rapid evolution of gas. The clear solution was stirred for 75 minutes and the 

solvent was removed, in vacuo, to a clear oil (1.4 g, >100%); 'H-NMR (DMSO-cfe, 400 MHz) 5 
8.63 (2H, br. s), 4.55-4.48 (1 H, m), 4.09-4.02 (2H, m), 3.76-3.68 (2H, m). 
Example 9(d): 7-Chloro-2-[3-hydroxyazetidln-1-carbonyl]thieno[3,2-d]pyridine 

ci 

HO 

20 A mixture of the lithium salt of 7-chlorothieno[3,2-b]pyridine-2-carboxylic acid (0.92 g, 

4.2 mmole), CH 2 CI 2 (40 ml) and thionyl chloride (0.92 ml, 12.6 mmole) was heated to reflux. 
The resultant white slurry gave rise to an amber solution upon the addition of DMF (5 ml). 
After 60 minutes the reaction mixture was concentrated, in vacuo, to a white slurry. The acid 
chloride was suspended in CH 2 CI 2 (40 ml) and treated with a solution of azetidin-3-ol 

25 trifluoroacetic acid salt 9c (0.78 g, 4.2 mmole) and Et 3 N (0.58 ml, 4.2 mmole) in DMF (2 ml). 
After 60 minutes the CH 2 CI 2 layer was removed, in vacuo, and the resultant beige residue was 
poured into saturated NaHC0 3 (100 ml). The aqueous layer was extracted with EtOAc (3 x 
100 mL). The combined organic layers were washed with brine, dried over MgS0 4 and 
concentrated, in vacuo t to a beige slurry (1 .7 g). The slurry was triturated with methyl ten- 

30 butyl ether and provided a beige solid (0.23 g, 21%): TLC (5% methanol-dichloromethane) R f 
0.4; 'H-NMR (DMSO-cfe, 400 MHz) 8 8.74 (1H, d, J = 5.1 Hz), 7.99 (1H, s), 7.70 (1H, d. J = 
4.8 Hz), 5.88 (1H,d, J = 6.3 Hz), 4.80-4.78 (1H, m), 4.60-4.56 (1H, m), 4.37-4.34 (2H, m), 
3.86-3.84 (1 H, m); ESIMS m/z 269 (M + H)*. 
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methylbenzo^Jthiophene-^arboxyHc acid methyiamide 



O , 



A slurry of **»«>W**o^^ 9d (120 m„ 

rrir n io%fe ~' ^•-^-^sr 

we e ed w th bnne. magnesium suifate. fiitered and concentrated, „ vacuo, to a white so.id 

ZL Pr ° dUCt ^ ^ Si ' iCa 961 ^ ^-tography and the ^el 

mobrte phase was 5-10% CH 3 OH-CH2CI, with 01%NH.OH th „ "^grad.ent 

ethvl acetate ™.„ h * OK 1,16 product was *«urated with 

ethyl acetate - cyciohexane and isolated as a white so.id (40 mg. 20%)- TLC (5% CH oh 

^aH, 9 N 3 O4S2.0.9 H 2 0: C, 56.25* H 4 46*N roc. c ,»., _ 

9.00; S. 13.51. ' ' F ° Und: C ' 5636 : H - ^ N. 

Example.10(a):1.Methy|. 5 .tri m ethylstannany|.1WL pyra2 ole 



/ 

N* 



25 



Asolutionofl-methyl-l^pyrazole (1.6 g . 20 .0 mmo.e) in Et 2 0 was treated withn 
butyllithium (12.5 ml. 1.6 M in hexanes 20 o mmn ,^ 

t Pm „ ora , -rv M,nnexan es. 20.0 mmole)overa period of 10 minutes at room 

bjne^n chlonde (4.0 g. 20.0 mmole) was added in one portion. The bro wn si was 
^rredfor3 0mi „ ut es.fn tere dandthe ffl t rate was 

The product was isolated by d«stH te «on at 1.5 Ton (67-72 °C> as a clear oil ( 2 1 g t 2 
NMR(D MS O-ofe.400MHz)8 7.40(1H.d.J = l5H 2 ) 6 27 flH d j ! 
0.34(9H.s). ES,MSnV,243-247ionc,uster(M + Hr 627(1K d ' J= 1?H2) - 384 ^ ^ 
Examp.0 10(b): 
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CI 




10 



passed. pu*- - - » ()00-) „, •* <* 

y ,„«»)ben 2 0ll.]»M0Pl«'»-« artw<, " e o , , 



15 



20 



tVCO 

!• rf 7Cl.loto-^•(2■"•«'Vl•^Wl w!0, • 3 " 

° V-OCH 3 
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ch/oride in Menu to a ~n 

euH f 24m 0 was cooled loo °rnw * 

"(b): IMMwaW* ' ' 




15 



n, ™ te, , ,n * — »- p^C^ 1 2 " — *• - «*». m . 
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Hdedtoasospensionoie-K^^- 

^CKAtl"* - * wefe dried INaiSO*)- ygOH / EtOAc) 

^.Calcd-torC^OA-C 
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20 



25 



30 



t he was charged «* a s«r bar ^^pw, (70mg. 

2 .0mmo.) (Prepared acco*g * H ^ine (2^0 ^ 

(10 ml), then cooled to 7 After 1 8 h0 urs. the contents ^ 

Uedtowarmtoroo. (2x) . lt-««*-^J, ^ 
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239m 9(74%)ofanamber _ 

Sample 12(b)- ^ ' 7430 -' H 6.48 Founrt- r> , f ' S) " 

y " C8c,dn »ethyjamf(ie 



o 




/ 

-N 
H 



10 



15 



^« material was preDar . f Mt0 ^^° 
"» famine In a mannerT ' ** "* Prese ^ of A .C, feT ' °° m9 ' 

^"cacldniethyiamide 




!0 



^material was preoarpw, * ° 




r-fi "C^ 



7 US 2C0 3 (794 mno^ 

* m 9. 2.4 mmole) In 
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■ -.^mo (59%) o1 an 6«-wWle solid. 
l,H '* «,» W «* MM*!**"' " f^HO- C 60.74; H.5.10-.N. 

V.' 

^-N^n" _^.iH-imidazol-2- 



10 



* 15 



45 Hz) 7.88 (1H.S). 7.82 (lH.dJ = 8.6 HZ)J.^ d, J « 4.5 Hz). 2.64. 

j = 4.5 Hz), HdJa5 . 6 Hz). 3.97 (3H. s). t. g ? 29- Fou nd: 

8.3Hz).7.03(lH.s).6.66 ( md o c, 62.47; H, 4.41; N. 13.25, S, 7. 

l 3H,). A na/.Calcd1orC 2 aH,aN.O,S0. 

437- N. 13.05; S. 7.29. 
C. 62.57. H. 437 ' N ' 1hoxv . 2 -ethylbenzo1uran 
Example 14(a): 6-meihoxy 



20 



25 



Me0,/ ^^^ 0 twmAida 4mmole) and l- 
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<1H w , o (DMSO-de, 5 7.83 (1 H d J - a n u , 9 (63% > of a" 



Pya , w - H, 6.46; M 50c ~ 13 ' ' 15,>,u 3: C 

9\ / 




HO" 



10 



J5 



example 14(c) was or 
memylamto 14b (40i mg iT™!™ ^^^benzofb^ 3 ^ 




-NH 



Example 14 w as Dren 

25 282I3H „ , 7 ( ' m),3 - 69 - 3 - 43 (2H.m).3. 27 3 24 , H ! 86 Hz), 6.73 (1H, d, J = 

H.S.64 :N .8.03;S,6,1. "* 61.90; H, 5.62; N, 8.1 1; S, 6.19. Found: C 6188- 

&amp,e 15(a): 6-„,ethoxy-2-,i m .,» , ' 
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Example 15(a) was prepared from 2-iodo-5-methoxyphenol (896 mg, 3.6 mmole) and 
3-methyM-butyne In a manner as previously described for example 12a to give 265 mg 
(38%) of an amber oil. 1 HNMR(CDCI 3 ) 5 7.33 (1 H, d, J = 8.6 Hz), 6.97 (1 H, d, J = 2.2 Hz), 
6.80 (1H, dd, J = 2.2, 8.6 Hz), 6.26 (1H, s), 3.83 (3H, s), 3.07-3.01 (1H, m), 1.31 (6H, d. J = 
7.1 Hz). 

Example 15(b): 6-methoxy-2-(1-methylethyl)benzofuran-3-carboxyllc acid methylamide 



Example 15(b) was prepared from 6-methoxy-2-(1-methyiethyI)benzofuran 15a (263 
mg, 1.36 mmole) by acylation with oxalyl chloride in the presence of AICI 3 , followed by 
treatment with methylamine in a manner as previously described for example 1c to give 200 
mg (60%) of an off-white solid. 'H NMR (DMSO-d 6 ) § 7.83 (1 H, d, J = 4.8 Hz), 7.56 (1 H, d, 
J = 8.8 Hz), 7.20 (1H, d, J = 2.3 Hz) , 6.89 (1H, dd f J = 2.3, 8.8 Hz), 3.78 (3H, s), 3.68-3.61 
(1H, m), 2.78 (3H, d, J = 4.8 Hz), 1.26 (6H, d, J = 6.8 Hz). 

Example 15(c): 6-hydroxy-2-(1-methylethyl)benzofuran-3-carboxylic acid methylamide 



This material was prepared from 6-methoxy-2-(1-methylethyl) benzo[b]furan-3- . 
carboxylic acid methylamide 15b (173 mg, 0.84 mmole) by treatment with BBr 3 in a manner 
as previously described for example 1d to give 157 mg (80%) of a crisp foam. 1 H NMR 
(DMSO-de) .6 9.54 (1 H, s), 7.76 (1H, d, J = 4.6 Hz), 7.45 (1 H, d, J = 8.6 Hz), 6.88 (1 H, d, J = 
2.0 Hz ), 6.74 (1 H, dd, J = 2.0, 8.6 Hz), 3.68-3.61 (1 H, m). 2.75 (3H, d, J = 4.6 Hz), 1 .24 (6H, 
d. J = 7.1 Hz). 

Example 1 5: 6-{2-[3-methoxypyrrolidine-1-carbonyl]thieno[3 t 2-b]pyndin-7-yloxy)-2-(1- 
methylethyl)benzofuran-3-carboxy lie acid methylamide 



This material was prepared by the reaction of 7-chloro-2-[(R)-3-methoxypyrrolidine-1- 
carbonyl]thieno[3,2-b]pyridine 4b (122 mg, 0.41 mmole) with 6-hydroxy-2-(1- 
methylethyl)benzo(b]furan-3-carboxylic acid methylamide 15c (125 mg, 0.53 mmole) and 
Cs 2 C0 3 (200 mg, 0.61 mmole) in a manner as previously described for example 1 to give 82 
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. 5 



mg (40%) of a white solid *H NMR /niuen j 
"» N. 7.97; S. 6.07. ' "* N ' * «* Found: C 62 92-H 



15 



20 



25 



H 

« B coo, ,o RT and „ .^LT^"* 0 " 5 '"^ ^ *"* «»™ 

^^n„,„^ m ^ ;e „^ B tor ^;^c. te n« SOMsmrea J K 

^ b **^1«^(77^ - . n ^^^ h ^^-^«.«*„ 
P«c».n. 'H NMR (OSMO^s) , " * "" S "<*« 

* « OK «. d.a.0 „«. 6 . 74 , H J-W 7- „„. , . „ 

-n,p te ,^^,^ w ,^-< r; , 




OH 



V 



0 



To a stirring solution of 6-methoxv-1H inw » o 

.<:n NaOH (1L) and extracted with EtOAc (3 
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10 



15 
20 



. 4 e°r m/er 3 hours, then was s eparatea ww »ay 

sospensionwasso,cate d an-s, ^ blned Na OH .ayers trom ^ 

with«ater.T h ei S tb ^.TWs.so.ate was found to 

30 insoluble mater.a. cote** >Y pressure and the res ^ 

35 l56 %) ol a white sohd. This m 
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»»*a 'HWR,0MSO^ S „„„ u ' 

0 ^" 60X> " CM '"»™. 1 *m,« e 
To a stirring solution of thsra* , * 

«amp/e 16: 6-r2-tt-Wi„f r 53 " Fou ^: C 64 «. u * 



30 
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This material was prepared by the reaction of 7-chloro-2-[(S)-2-([t- 
butyldimethylsilyloxyjmeth^ 3b (76 mg, 0.3 

mmole) with 6-hydroxy-1 ,2-dimethyM H-indole-3-carboxytic acid methylamide 16e (100 mg, 

5 0.46 mmole) and Cs 2 C0 3 (488 mg, 1.5 mmole) in a manner as previously described for 
example 1 to give 53mg (43%) of an off-white solid. 1 H NMR (DMSO-d 6 ) 8 8.54 (1 H, d, J = 
5.46 Hz), 7.99 (1H, s), 7.83 (1H, d, J = 8.67 Hz), 7.61-7.55 (1H, m), 7.54 (1H, d f J = 2.07 Hz), 
7.03(1H, dd, J a 8.48, 2.07 Hz), 6.64 (1H, d, J = 5.27 Hz). 5.10-4.80 (1H, 2m), 4.41-4.16 (1H, 
2m), 3.91-3.77 (1H, m), 3.67 (3H, s), 3.64-3.47 (2H ( m), 2.80 (3H, d, J = 4.52 Hz), 2.60 (3H, 

10 s), 2.04-1.81 (4H, m). Anal. Calcd for C 2 5H26N4O 4 S«0.4 H 2 O0.2 EtOAc: C, 61.56; H, 5.69; 
Example 17: 1,2-dimethyl-6-(2-[1-methyl-1H-imidazol^ 
1H-indole-3-carboxy lie acid methylamide 




This material was prepared by the reaction of 7-chloro-2-(1-methyl-1H-imidazol-2- 
15 yl)thieno[3,2-b]pyridine le (76mg, 0.3mmole) with 6-hydroxy-1 ,2-dimethyl-1 H-indole-3- 

carboxylic acid methylamide 16e (100mg, 0.46 mmoie) and Cs 2 C0 3 (488mg, 1 .5 mmole) in a 
manner as previously described for example 1 to give 51 mg (39%) of product as an off-white 
. solid. 1 H NMR (DMSO-d 6 ) 5 8.48 (1 H, d, J = 5.5 Hz), 7.88 (1 H t s), 7.83 (1 H, d, J = 8.6 Hz), 
7.61-7.55 (1H f m), 7.53 <1H, t, J =2.3 Hz), 7.41 (1H, d, J = 1.0 Hz), 7.0-6.99 (2H, m), 6.59 
20 (1H, d, J = 5.5 Hz), 3.98 (3H, s), 3.67 (3H, s) , 2.80 (3H, d, J = 4.6 Hz), 2.60 (3H, s). Anal. 
Calcd for C 2 3H 21 N 5 O 2 S»0.3 H 2 O»0.1 EtOAc: C:63.05; H:5.07; N:15.71; S:7.19. Found: 
C:63.06; H:5.06; N:1 5.56; S:6.96. 

Example 1 8: 1 l 2-dimethyl-6-(2-[3-methoxy-pyrrolidine-1-carbonyl]thieno[3,2-b]pyridin-7- 
yloxy)-1H-indo!e-3-carboxy lie acid methylamide 
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7 7^^«^,,H.«. J : 5 T:*' to 8 *! 5, "»<^)«.^ fcm .T 

™M * (1H. „,. 7.54(1H d J— 2 , » , ' '• 05 " H * 7M OH * J . 8 6 Ha 




This material was prepared fr 
carbony^ 

d ^-2. 2 .8.6H 2)>6 . 64(1H dd ; (1H,m, ' 7 - 54(1H ' d - J --2. 2 H 2) 70 t H 

C.5 9 .8,H, 5 , 9:N>11 . 51;S ^ C - 5 ^H.5.41 ;N . 11 . 65;S>667 pound . 

^mp, e 20(a): 6-Methoxy-l^,, 

y«1H- 1 nrio ( -3^ rb oxy«c a cldc y c,oprop y , aniide 




\ 
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Example 20(b): WWH*** 0 J> 



o. r 
Vmh 



* I 751 ( H.d. (lH.d, J-M W. ^ 4 «^ 




20 



25 



2 (1 methyl-lH-imidazo»-2- 
... i»a9tnq 0.3mmole) with 1.2 anwnj t i.6mmole) 
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61 



0 / 




-NH 



™«ner as previously described for * mm0 ' e, and famine 17 - 

*U = 2 .3, 8 . 7H 3 3 * * J - -7Hz,. 7.5, PH sJ( Ml ' 7 bTOW " «- (83%,. 




HO" s ^N 



10 



15 



This material was preD aroH " * 

methy» amide 2i ljw ' 9 ^ ta ^l^ ll( w , 
describee for „ ^ by ,reat ™nt with BBr / WWM * B *^ acid 

™oxyiicacidmetriWamide OJp y"*n-7-yloxy}-i- 




ma ™erasprev/o us , ydes ™ < 1 1 0 0.5 mrnole) and c%OQ, « t» m „ 1H " ndote - 3 - 

(CD3OD) a e 39 (1H d " examp,e 1 ,0 *• « ? ^ in a 

/iu v ' 9 i ( H,d ' J = 5.5H2),8l 2 riH h . } ° fawhite solid. ' HNMR 
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o 



(300 MHz. CfcOO) 6 8.53 (1H. «. J = U W • 1 ^ , „ (1H , „. j . M H4. 

Hz), 7,6 „H. .). 7.« 0«. * J ■ « ™ (2H . m , 3 .40 (3H. * J" «. 

lod „ te *c»*»«)fli='«""™ ,B » ,a ' ,J ' B o , 

V-NH 




, i^OMSO.- ' aS ^*t" 87 W.7.e7(,H. S ,.7,. 7.7 

CDM 5 0.43 „H,». J ■ U m. •»» W *.J - »' «* 7<i „„. s , 0.54 OH. <M - 

Vnh 

«, a «ed "'^1, ol „.5M *e 0,0* m 7HF (7.44 n* 
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addifiono '«'ethy (iS ocyanate(424 mg . 744nimon _ 

* to gfve 200 mg product (30% r;^ 09 ^ **» ** h 2-5% MeOH in CH aC) 

p « Wf^C-rtan found21 9 "* (3H ' S) - 290 s,. 252 (3H . s 

y' «H mdof-3-carboxy/ic acid methylamfde 

V* - 

J - «. 8.7 H 2 , 2 . 93 {3H , s) . 255 ; H • " «* * (1H. d. 3 = 2 . 3 H2)> 6 . 65 m 




20 



W OH .). 7.00 w 0 . „ „ 1 7 * «U - W H» 7 M (1K „ J . „ 




"niis 
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solid. 'H NMR (DMSO-d 6 ) 8 8.72 (1H, d, J = 5.1 Hz), 7.96 (1H, s), 7.70 (1H, d, J = 5.1 Hz), 
4.62 (2H, t, J = 7.4 Hz), 4.12 (2H, t, J = 7.7 Hz), 2.34 (2H, tt, J = 7.4, 7.7 Hz). 
Anal. Calcd for CnHsNgOSCI: C. 52.28; H, 3.59; CI, 14.03; N, 11.09; S, 12.69. Found: C, 
52.39; H, 3.63; CI, 14.29; N, 10.99; S, 12.74. 

Example 25: 6-[2-(Azetidine-1-carbonyl)-thieno[3,2-5]pyrldin-7-y!oxy]-1 ,2-dimethyl-3H- 
indo!e-3-carboxylic acid methylamide 



o H 




o K0 



10 This material was prepared by the reaction of 2-(azetidin-1 -ylcarbonyl)-7- 

chlorothieno[3,2-b]pyridine 25a with 6-hydroxy-1 ,2-dimethyM H-indole-3-carbyxylic acid 
methylamide 16e and Cs 2 C0 3 in a manner as previously described for example 1. *H NMR 
(300 MHz, CD 3 OD) 5 8.41 (1H, d, J = 5.5 Hz), 7.80 (1H, d, J = 3.20 Hz), 7.74 (1H, d, J = 
11.68 Hz), 7.30 (1H, s), 6.94 (1H, d, J= 8.66 Hz), 6.62 (1H, d, J= 5.5 Hz). 4.64-4.59 (2H, m), 

15 4.20-4.15 (2H, m), 3.63 (3H, s), 2.85 (3H, s), 2.57 (3H, s), 2.44-2.36 (2H, m). LCMS (ESI+) 
[M+H]/z Calc'd 435, found 435. 
Anal. (CzaHzsN^gS-O.SSCHzClz) C, H, N. 

Example 26: 1,2-Dlmethyl-6-(2-[4-(hydroxymethyl)thiazol-2-yl]thieno[3,2-b]pyrldin-7- 
yloxy)-1 H-indole-3-carboxylic acid methylamide 

o h 



1 \ 



20 

This material was prepared by the reaction of (2-(7-chloro-thieno[3,2-b]pyridin-2-yl)- 
thiazol-4-yt]-methanol with 6-hydroxy-1 ,2-dimethyM H-indole-3-carboxyiic acid methyl amide 
16e and Cs 2 C0 3 in a manner as previously described for example 1. *H NMR (300 MHz, 
DMSO- d 6 ) 6 8.52 (1H, d, J= 5.5 Hz), 8.14 (1H, s), 7.83 (1H, d, J= 8.6 Hz), 7.63 (1H, s), 7.58 
25 (1 H, d, J = 4.7 Hz), 7.54 (1 H, d, J = 2.0 Hz), 7.04 (1 H, dd, J = 2.0, 8.6 Hz), 6.64 (1 H, d, J = 
5.5 Hz), 4.60 (2H, s), 3.67 (3H, s), 2.80 (3H, d, J = 4.3 Hz), 2.61 (3H, s). LCMS (ESI+) 
[M+H]/z Calc'd 465, found 465. Anal. (CaaHaMOaSz^O.eCHaOH) C, H, N. 
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acamp,e 27(a): (3* H( T* Momm 

*n,ethy.p yrro „ din . 3 ^ m . ne [3 ' 2 - 6,Pynd »"2-W)carbonylJ. W( / V . 




CI 



O v H 



20 



25 



Found: 4 92 . 2069 . ' * 2 23 (1H ' »* 1* OH m); HRMS (MH > c l d 
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This material was prepared from the coupling of 7-chlorothieno[3 f 2-fc]pyridine-2- 
carboxylic acid and pyrrolidine in a manner as previously described for example 9d. 1 H NMR 
(300 MHz, CD 3 OD) 6 8.60 (1H, d, J= 5.1 Hz), 7.84 (1H, s), 7.32 (1H, d, J= 5.1 Hz), 3.82 (2H, 
t, J = 6.4 Hz), 3.70 (2H, t, J= 6.6 Hz), 2.02 (4H, m). LCMS (ESI+) [M+H]/z Calc'd 267, found 
267. 

Example 28: 1,2-Dimethyl-6-[2-(pyrrolidine-1-carbonyl)-thieno[3,2-6]pyridin-7-yloxy]-1 H- 
indole-3-carboxylic acid methylamide 



VNs 



N 



This material was prepared from the reaction of (7-chloro-thieno[3,2-b]pyridin-2-yi)- 
pyrrolidin-1 -yl-methanone 28a with 6-hydroxy-1 ,2-dimethyM H-indole-3-carboxylic acid 

15 methylamide 16e and Cs 2 C0 3 in a manner as previously described for example 1. 1 H NMR 
(300 MHz, CD3OD) □ 8.47 (1H, d, J= 5.3 Hz), 7.82 (1H, s), 7.74 (1H, d, J= 8.4 Hz), 7.14 
(1H, d, J= 1.7 Hz), 7.02 (1H, dd, J= 1.7, 8.4 Hz), 6.55 (1H, d, J= 5.3 Hz), 5.91 (1H, bs), 3.84 
(2H, m), 3.70 (2H. m), 3.65 (3H, s), 3.05 (3H, d, J = 4.5 Hz). 2.72 (3H, s), 2.02 (4H, m). 
LCMS (ESI+) [M+HJ/z Calc'd 449, found 449. 

20 >4na/. (C24H 2 4N4O 3 S»0.5CH 3 OH) C, H, N. 

Example 29(a): 7-Chloro-yv-[2-(dimethylamino)ethyl]-A/-methylthieno[3,2-b]pyridine-2- 
carboxamide 

N— 

/ 

This material was prepared from lithium 7-chlorothieno[3,2-fc]pyridine-2-carboxylate 
25 (0.957 g, 4.48 mmole) by treatment with thionyl chloride followed by reaction of the resultant 
acyl chloride with A/, A/,AMrimethylethane-1 ,2-diamine (0.640 ml, 4.93 mmole) and Et 3 N (0.624 
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nH.4.48n,mole) ( inamanner aS p r e Vious(vrto 

*™ 9. 13%). «H NMR (400 MHz, COC, 3 , 6 8 ^ " * * *"> - 
<■ ' - *f Hz,. 3. 66 (2H> t> J = 6 4 * «■» OH 4 ./-« Hz). 7.74 (1H . s). 7.3 2 (1 „ 
ESIMS (MH*): 298.05. 26 (3H " S) ' 2 57 «H t. J = 6.4 Hz). 2.25 ( 6 H 

( &amP,eM: ^ i »ethytamino)ethyn.7-/rt „. 



(6H. s); 
1H- 




O v H- 



N 



This material was prepared hv th- 

tn-thy.-^^.^ 16e (01 ^V 0 5fi mm °' e) W ' th 

^^n.annerasprevfeusv.escl?'' ^ and <*OQ, (0.182 9 . 05 6 
13%). «H NMR (400 MH2> ^ J™^ 1 to give a yeItow ^ ^ 

HZ). 7.46 (1H. d . ,_- 2 . 0 ^ 4 (1 H , H2) - 806 OH s). 7.83 (1H. c, J s 

^ <• ^-5.8 Hz). 3.64 (3H. s, 3.4^ '^ \> J ' ^ * " Hz). 3 90 

Example 30: 6-{2-(3-Hyd 480.2069. 



HO 





25 



This material was prepared hv, 

«. and c%COj in a J££V* t,m '* w ~™^JL 

' " 4 ' 76 -'' 73 «t 4 63„«. „«. 4.-35. 
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4.32 (2H, m), 3.97-3.94(1 H ( m), 3.62(3H, s), 2.89(3H, s), 2.57 (3H, s). LCMS (ESI+) [M+H]/z 

Calc'd 451, found 451. 

Anal. (CzaH^N^S-LICHzCy C, H, N. 

Example 31 (a): 7-Chloro-/V-(2-hydroxyethyI)-A^methylthieno[3 f 2-6]pyridine-2- 
carboxamide 



This material was prepared from lithium 7-chlorothieno[3,2-b]pyridine-2-carboxylate 
(1.0 g, 4.68 mmole) by treatment with thionyl chloride followed by reaction of the resultant 
acyl chloride with 2-(methylamino)ethanol (0.414 ml, 5.15 mmole) and EfeN (0.718 ml, 5.15 
mmole), in a manner as previously described for example 9d to give a pale brown solid 
(0.624g, 49% yield). 1 H NMR (400 MHz, CDCI 3 ) $ 8.61 (1H, d, J = 4.8 Hz), 7.80 (1H, s), 7.33 
(1H, d, J = 4.8 Hz), 3.92 (2H, m), 3.76 (2H, t, J = 5.1 Hz), 3.37 (3H, s), 3.19 (1H, s); ESIMS 
(MH*): 259.10. 

Example 31(b): AK2-{[fe^Butyl(dimethyl)silyl]oxy}ethyl)-7H:hloro-W-methylthieno[3 f 2- 
6]pyridine-2-carboxamide 



This material was prepared from 7-chloro-A^(2-hydroxyethyl)-A/-methylthieno[3 1 2- 
&]pyridine-2-carboxamide 31a (1.27 g, 4.68 mmole), f-butyldimethylsilyl chloride (0.705 g, 
4.68 mmole) and Et 3 N (0.718 ml, 4.68 mmole) in a manner as previously described for 3b to 
give an orange oil (1.40 g, 78%). 1 H NMR (300 MHz, CDCI 3 ) $ 8.61 (1H, d, J = 5.1 Hz), 7.74 
(1H, s), 7.32 (1H, d t J = 5.1 Hz), 3.89 (2H, m), 3.71 (2H, m). 3.37 (3H, s), 0.89 (9H, m), 0.07 
(6H, m); ESIMS (MH*): 385.10. 

Example 31 : N-({1 ^-DlmethyW-KmethylaminoJcarbonyll-l H-lnden-6-yl}oxy)-A^(2- 
hydroxyethyl)-AAmethylthieno[3,2-d]pyridine-2-carboxamide 



CI 
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BH. m). an (3H „, 3.22 s) , , „■ • J - *>• «1 OH 4 J . 5.4 Hz). 3.72 



CI 

9v .s„ 




— N 

^ \ 

9. 4.68 ^ te T"cJT^ acjd ( , 0 

- *N d.96 * ^ m J e) , a ^rriT 1 ^ a,nine ( °- 868 * 468 ™°'*> 
a white foa m (1 . 07g , ^ , H NM ™Z Z ™T V * eXam " te « to 9 J 

n* ES.MS (MH 4 ): 312.05. (3H * S)> 2 33 < 2H - ■»* 2-18 (6H, s). ,.79 ( 2H 

Btampte 32: ^(DimethylamJnoJpropvn 7-,« , M 
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This material was prepared by the reaction of 7-chloro-A/-[3-(dimethylamino)propyI]- 
A/-methy1thieno[3 t 2-^]pyridine-2-carboxamide 32a (0.095g, 0.32 mmole) with 6-hydroxy-A/,1,2- 
trimethy!-1 Mndole-3-carboxamide (0.070g, 0.32 mmole) 16e and Cs 2 C0 3 (0.1 04g, 0.32 
mmole) in a manner as described previously for example 1 to give a white solid (0.098g, 



(1H ( dd, J= 2.1, 8.7 Hz), 6.81(1H, d, J= 5.3 Hz), 3.73 (3H, s), 3.66 (2H, m), 3.28 (2H, m), 
3.01 (3H, s), 2.68 (9H, m), 2.06 (2H, m), 1.94(3H, s); HRMS (MH + ): Calcd: 494.2223; Found: 
494.2226. 

Example 33(a): 7-ChIoro-N,/V-dimethylthieno[3,2-6]pyridine-2-carboxamide 



This material was prepared from 7-chlorothieno[3,2-b]pyridine-2-carboxy!ic acid 
(0.57g, 2.67 mmole), SOCI 2 (5 ml), 2.0 M /V.AAdimethylamine in THF (1.60 ml, 3.20 mmole) 
and EfeN (0.447 ml, 3.20 mmole) in a manner as previously described for example 9d to give 
a brown solid (0.54g, 84%). *H NMR (300 MHz, CDCI 3 ) 666 1H, d, J= 5.0 Hz), 7.74 (1H, s), 
7.35 (1 H, d, J- 5.0 Hz), 3.28 (3H, s), 3.22 (3H, s); ESIMS (MH*): 240.95. 



This material was prepared by the reaction 7-chloro-/V,A/-dimethylthieno[3,2- 
b]pyridine-2-carboxamide 33a (0.077g, 0.32 mmole) and 6-hydroxy-A/.1,2-trimethy1-1H-indole- 
3-carboxamide 16e (0.070g. 0.32mmole) and Cs 2 C0 3 (0.104g, 0.32 mmole) in a manner as 



62%). 1 H NMR (300 MHz. CD 3 OD) $ 8.53 (1H, d, J= 5.3 Hz), 7.91 (2H, m), 7.38 (1H, s), 7.09 





BNSDOClD: <WO_03106462A1J_> 



WO 03/106462 



PCT/IBOJ/02393 



71 



15 



previously described for example 1 to give a pale 

CD 3 OD) p 8.38 (1„. d. , =5 .5 Hz 75 ' r r (0 0989 ' ^ '» NMR (300 
-2.1 Hz,. 6 . 94 (1H . MiJ = 2 i 8 7 } ' 75 H- ^-8.7 Hz,. , 66 (1H . s , , 28 (1 „ , J 

2-87(3H.s,. 2 .56(3H.s,. ESIMS (MH*, 423 05 5 3-61 W s,. 321 (6H . m) . 

N- ^44. ^ 59 21 ' ' 5 -28; N. 12.44; Found: C. 5920; H. 5.28; 

Example 34 (a): Benzyl (3ffl- 3 -r/ te/thllt 

carboxylate 1 ** tt ^^"^ethyOamlnoIpyrrolidlne-l. 

solution of i^^^^3^ h ^ "* 0 053 mmo| e) was added to a 
— e was stirred at room 2^22?? ^ "» — *' reason 

concentrated. The residue was purified by flash T ^ ° Ver M 9 SO < ™ 

CHaOH in CH 2 C, 2 to give a paIe f^ograpby e(uti n g with u 2% 

•* •")• 3-56 (2H. m)l 2.82 (3H. , ^ « *%^L «* ^ o 7.30 

OH. m). 1.42 ( 9H . m,; ESIMS (MH j- 291 20 " "* *" W "* 2 09 * 

^«^^^ 



o 



To a stirred solution of benzyl (3ffl-3.r/ te -K ♦ 

«* W) «H. m , (2H , „ 6 ■ H W» MHz. CD.OO, , 4.47 „„. 

OH S). 1 ""• 2KI (3K .), 1.89 „ H . ml . ,„ „ H m) 1J6 
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This material was prepared from 7-chlorothieno[3,2-6]pyridine-2-carboxylic acid 
(1.05g, 4.94 mmole), SOCI 2 (10 ml), tert^butyi methyl[(3/^-pyrrolidin-3-yl]carbamate 34b 
(0.989g, 4.94 mmole) and EtaN (0.689 ml, 4.94 mmole) in a manner as previously described 
for example 9d to give a brown oil (0.723g, 0.30%). - H NMR (300 MHz, CDCI 3 ) 6 8.62 (1 H, d, 
J = 5.1 Hz), 7.85 (1H, s), 7.35 (1H, d, J = 5.1 Hz), 4.82 (1H, m), 3.93 (3H, m), 3.63 (1H, m), 
2.82 (3H, s), 2.12 (2H P m), 1.47 (9H, s); ESIMS (MH*): 396.05. 

Example 34: ferf-Butyl-(3/7)-1-{[7^{1,2-dimethyl-3-[(methylamino)carbonyl]-1Afindol-6- 
yI}oxy)thieno[3,2-6]pyridin-2-yl]carbonyi}pyrrolidin-3-yl(methyl)carbamate 



Q 



This material was prepared by the reaction of fert-butyl (3f?)-1-[(7-chlorothieno[3,2- 
b]pyridin-2-yi)carbonyl]pyrrolidin-3-y1(methyl)carbamate 34c (0.181 g, 0.46 mmole) with 6- 
hydroxyr/v*,1,2-trimethyl-1H-indole-3-carboxamide 16e (0.10 g, 0.46 mmole) and CS2CO3 
(0.149g, 0.46 mmole) in a manner as previously described for example 1 to give a yellow 

15 solid (0.105g. 40%). ? H NMR (300 MHz, CDCI 3 ) 6 8.48 (1H, d, J = 5.4 Hz), 7.82 (1H, s), 7.75 
(1 H, d, J = 8.7 Hz), 7.1 5 (1 H, d, J = 2.1 Hz). 7.02 (1 H, dd, J = 2.1, 8.7 Hz), 6.56 (1 H, d, J = 
5.4 Hz), 5.91 (1H, d, J = 4.7 Hz), 4.82 (1H, m), 4.07 (2H, m), 3.87 (1H, m), 3.68 (1H, m), 3.65 
(3H, s), 3.05 (3H, d, J = 4.7 Hz), 2.84 (3H, s), 2.73 (3H, s), 2.17 (2H. m), 1.45 (9H, s); HRMS 
(MH*): Calcd: 578.2450; Found: 578.2437. 

20 Example 35: 1 t 2-Dimethyl-6-[2-(3-methylamino-pyrrolidine-1-carbonyl)-thienot3,2- 
6]pyridin-7-yloxy]-1H-indole-3-carboxylic acid methylamlde 
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HP » *. a * «, „. ^ — » * '«« CH.CN , 

Calcd. For C^H^OaS.! 2 CH,C» • ^ c 
Example 36: ^^Wmethoxy^yrrolldln^i , 



9v .s 




20 



25 



™s material was prepared bv th 

«" (o.o 93g , 3s % , 'h Nm (300 M rr c 5 for ^ 1 <° *• « ^ 

Hz,. 4.04 <4H,m>. 3.68 ( 2H m) 3^ ^^^^WUh d 
2-59 (3H. s); ESIMS W : 409. 5 ' ^ ^ * *» (3H. s>. 2.90 ( H s ' 
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Anal. Calcd. For C^e^OsS^O^ CH 2 CI 2 «0.5EtOAc: C, 59.46; H, 5.73; N, 9.84; Found: C, 
59.09; H, 5.95; N, 9.93. 

Example 37: S-p-tS^Dihydroxy-pyrrolidine-l-caitonylHhlenop^-^pyridin^-yloxy]- 
1,2-dimethyl-1H-indole-3-carboxylic acid methylamide (37). 



N 

\ 




*9 



S 



N 



HO" 

OH 

This material was prepared by treating 6-[(2-{[(3fl,4S)-3,4<limethoxypyrrolidin-1« 
yl]carbonyl}thieno[3,2-/?]pyridin-7-yI)oxy]-1 ,2-dimethyl-1 H-indole-3-carboxylic acid 
methylamide 36 (0.065g, 0.13 mmole) with 1.0 M BBr 3 in CH 2 CI 2 (0.070 ml, 0.77 mmole) in a 
manner as described previously for example 1d to give a white solid (0.01 7g f 33%). 1 H NMR 
10 (300 MHz, CD 3 OD) $ 8.38 (1 H, d f J = 5.5 Hz), 7.79 (2H f m), 7.28 (1 H, d, J = 2.1 Hz), 6.94 
(1H, dd, J = 2.1, 8.7 Hz), 6.60 (1H, d. J = 5.5 Hz), 5.07-5.13 (2H, m), 4.41 (1H, m), 3.95 (2H, 
m), 3.70 (1H, m), 3.61 (3H, s), 2.55 (3H, m) t 1.90 (3H, s); ESIMS (MH + ): 481.10. 
Anal Calcd. For C24H24N4O5S-O.2CH2CI2.H2O: C, 56.38; H, 5.16; N, 10.87; Found: C, 56.36; 
H, 5.09; N, 10.60. 

15 Example 38(a): 7-Chloro-2-pyridin-4-ylthieno[3,2-b]pyridine 

CI 

Tereakis(triphenylphosphine)palladium (54 mg, 0.05 mmole) was added to a solution 
of 4-(tributyistannyijpyridine (0.432 g, 1.17 mmole) and 7-chloro-2-iodothieno[3,2-6]pyridine 
(0.347 g, 1.17 mmole) in DMF (5ml). The reaction mixture was stirred at reflux for 3h, cooled 

20 to room temperature. The mixture was filtered, washed with CH 2 CI 2 and was partitioned 
between H 2 0 (50 ml) and CH 2 CI 2 (2x50 ml). The combined organic layers were dried over 
MgS0 4 and concentrated. The residue was purified by flash column chromatography eluting 
with 30-60% EtOAc in hexane to give pale yellow color solid (0.103 g, 36%); *H NMR (300 
MHz, CDCI3) 5 8.61 (1H, d, J= 5.1 Hz), 7.95 (1H, s), 7.66 (2H, m), 7.44 (2H, m), 7.31 (1H, d, 

25 J = 5.1 Hz); ESIMS (MH + ): 481.10. 

Example 38: 1 1 2-Dlmethyl-6-(2-pyridin-4-yl-thieno[3 l 2-i7]pyridin-7-yloxy)-1 H-lndole-3- 
carboxylic acid methylamide 
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This material was prepared bv *. 
oJpyridine 38a ,0,03g, 0.42 ^.e) with 6 hvdLT" 7 ^ 2 **^-W««l3.2- 
* (0.070 9> 0 . 32 mmole, ^ CSa } * ^y.-l^oie-^rboxa^ 

Sector example 1 togiV e an o^' 1 oo« m^10,e, 3 ^ 38 «**^ 
* 6 "0 (2H, m), 8.52 (t„. m , 8 . 37 31% >' * NMR (300 MHz, 0MSO- 

^0H.m>.3.68^^ 

^ Ca,cd : For CW^ctf* 5 CH C „! J * ES ' MS ^ 429 05 " 

«** H. 4.97; N, ,0.99. H2Cb ' 0 " 4 ^ * ^ H, 4.82; N, 11. 07; Found . c 



-Sn 



15 



0 



M*™* „, 0 , -."T "*** «* <HCk ««. «„ 

«, ,o., 5% Et0 JZ, M "*' "» ** <»»» 

•» N«R (300 ^.OOey « , J ^"^7?.*" " ^ «*' »»*«*>■ 
000 (9H,'m); 6S1MS (MH*): 333 95 "* (,H ' * <"* CH, d. J.5., Hz, 

^ ,,3W:7 ^~-^I3,.^ ; ' 



overnight. After cooling to room tem P e ra »ure ^ ^ at 90 °C 

-d was parked oetween H 2 G (20 T ^ ^ "* »*ft 

'^rs were dried over Mg so 4 Jj^'T 12 " 2 ° "* The organic 

in CHjClj to give white solid (0.045 g, 51%); 'h 
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NMR (300 MHz, C 6 D 6 ) 6 9.25 (1H, s), 9.10 (2H. s). 8.64 (1H, d, J = 5.1 Hz), 7.89 (1H, s), 7.34 
(1H, d, J = 5.1 Hz); ESIMS (MH*): 248.00. 

Example 39: 1 f 2-Dimethyl-6-(2-pyrimidin-5-yl-thieno[3,2-bJpyridin-7-yloxy)-1 H-indole-3- 
carboxylic acid methylamide 



5 




This material was prepared by the reaction of 7-chloro-2-pyrimidin-5-yithieno[3,2- 
bjpyridine 39b (0.045g f 0.18 mmole) with 6-hydroxy-A/,1,2-trimethyl-1 Wndole-3-carboxamide 
16e (0.040g, 0.18 mmole) and Cs 2 C0 3 (0.059g, 0.18 mmole) in a manner as previously 
described for example 1 to give an off-white solid (0.01 8g, 23%). 1 H NMR (300 MHz, CD 3 OD) 
10 6 9.23 (3H, m), 8.63 (1H, d, J = 6.2 Hz), 8.11 (1H, s), 7.82 (1H f d, J = 8.5 Hz), 7.43 (1H, s), 
7.01 (2H, m), 3.63 (3H, s), 2.88 (3H, s), 2.55 (3H, s); ESIMS (MH+): 430.10. 
Anal Calcd. For C 2 4H2oN 4 0 2 S*1 .0 CH 2 CI 2 «1 .5 CH 3 OH: C, 54.45; H, 4.84; N, 12.45; Found: C, 
54.12; H, 4.89; N, 12.30. 

Example 40(a): 2-[2-(7-Chlorothieno[3 r 2-b]pyridln-2-yl)-1 ,3-thiazol-4-yl]propan-2-ol 



ci 



15 




The title compound was prepared by the method described in PC10795A, section A, 
example 27. 

Example 40: 6^2-[4^1-Hydroxy-1-methyl-ethyl)-thiazol-2-yl]-thleno[3 f 2-b]pyridin-7- 
yloxyhl^-dimethyl-IH-indole-S-carboxyllc acid methylamide 




20 0H 

This material was prepared by the reaction of 2-[2-(7-chlorothieno[3,2-b]pyridin-2-yl)- 

1,3«thiazol-4-yl]propan-2-ol 40a (0.099g, 0.32 mmole) with 6-hydroxy-A/,1,2-trimethyl-1H- 

indole-3-carboxamide 16e (0.071 g, 0.32 mmole) and Cs 2 C0 3 (0.1 06g, 0.32 mmole) in a 

manner as previously described for example 1 to give a yellow color solid (0.1 16g, 73%). 1 H 

25 NMR (300 MHz, DMSO-dfe) 5 8.50 (1H, d, J = 5.46 Hz), 8.12 (1H, s). 7.84 (1H, d, J = 5.67 
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— HZ,. ,93„H. .,. , a9(1H . r 3 :^ 7 «T H R J""* «W»<tH * 
S.lfft). 4te) ' 7 ' ,5 " H '*''-3.4Hz),7.30(1H.a.J= 



15 



O H 



20 



25 



- (0..3, 0 , 9 jl, ::^::r^ 

described for example 1 to give en off iL "Z* > " ' man " er as P reviou ^ 

4) 6 8.52 (1„. d , 1 5A H ZITh7 Z *"* 6 ° %) - ' H NMR (3 °° 

ES.MS (MH*): 430.10. * 28 ° (3H ' d " •'-«■*». 2.61 <3H. s); 

Anal. Calcd. For C^M^S^S CH 2 CI,.1 0 en nu o . 

C 56.37; H, 5.22; N, 9.89. ^ C> ^ H 51 * N - *** Found: 

Exa mp ,e4 2 (a,: 7 .Cn,o^ 



30 



This material was prepared bv en r 
pyridine 39a (0.255g 0 77 mmn^ L Ach,0ro ^ 
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described in example 39b to give a white solid (O.OSBg, 31%). 1 H NMR (300 MHz, CDCI 3 ) 6 
. 8.66 (1H, m), 8.57 (1H, d, J = 5.1 Hz), 8.00 (1H, s), 7.83 (3H, m), 7.27 (1H, d, J = 5.1 Hz); 
ESIMS (MH + ): 246.95. 

Example 42: 1 f 2.Dlmethyl-6-(2-pyridin-2-yl-thieno[3 f 2-b]pyridin-7-yloxy)-1 H-indole-3- 
5 carboxylic acid methylamide 

o H 

V\ 

This material was prepared by the reaction of 7-chloro-2-pyridin-2-ylthieno[3,2- 
fc]pyridine (0.100g, 0.41 mmole) 42a with 6-hydroxy-/V ( 1 f 2-trimethyl-1/+indole-3-carboxamide 
16e (0.089g, 0.41 mmole) and Cs 2 C0 3 (0.1 34g, 0.41 mmole) in a manner as previously 

10 described for example 1 to give an off-white solid (0.048g, 27%). ! H NMR (300 MHz, DMSO- 
de) 6 8.63 (1H, d, J = 4.5 Hz), 8.49 (1H, d, J = 5.5 Hz), 8.35 (1H, s), 8.28 (1H, d, J= 7.72 Hz), 
7.95 (1 H, t, J = 8.4 Hz), 7.84 (1 H, d, J = 8.6 Hz), 7.58 (1 H, d, J = 4.5 Hz), 7.54 (1 H, d, J = 1 .9 
Hz). 7.43 (1H, m), 7.04 (1H, dd, J= 1.9, 8.6 Hz), 6.58 (1H, d, J = 5.5 Hz), 3.68 (3H, s) f 2.80 
(3H, s), 2.62 (3H, s); ESIMS (MH*): 429.05. 

15 Anal. Calcd. For C 2 4H 2 oN 4 02S«0.8 H2O: C, 65.08; H, 4.92; N, 12.65; Found: C, 65.16; H, 4.93; 
N. 12.40. 

Example 43(a): 2^-Chlorothieno[3,2-b]pyridin-2-yl)-1 .S-thlazole^-carboxylic acid 

o 

To a solution of methyl 2-(7-chlorothieno[3 f 2-/>]pyridin-2-yl)-1,3-thiazole-4-carboxylate 
20 (0.200 g, 0.62 mmole), prepared by the method described in PC10795A, section A, example 
26, in EtOAc (5 ml) was added 1N aqueous NaOH solution (1.85 ml, 1.85 mmole). The 
reaction mixture was stirred at 50° C for 1h, cooled to room temperature, diluted with H 2 0 (10 
ml) and acidified with 1N HCI to pH~2. The resulting solution was extracted with 10% MeOH 
in CH 2 CI 2 (5x10 ml), dried over MgS0 4 and concentrated and dried under vacuum to give 
25 yellow solid (0.181 g, 98%). *H NMR (300 MHz, DMSO-Gfe) □ 7.67 (1H, d, J = 5.09 Hz) 8.41 
(1H, s) 8.65 (1H, s) 8.71 (1H, bs); ESIMS (MH*): 309.95. 

Example 43(b): 2-C7-Chlorothieno[3,2-/>]pyridin-2-yl)-N-methyl-1,3-thiazole-4- 
carboxamide 
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H - S 



CHCfc (0. 520 m,. t.04 nvnoie, and °' ^ J ° ° - — 2.0 M oxaiy, ch ,o„ de in 
temperature for l h> concentrate, an, dned ^1 ^ ^ *" * ™» 

2-0 M met hy , amine in CH 2 C 2 ( o. 250 m, 0 «^TT ^ '' n, ° "** (1 ° ^ and 
a, room temperature for ,„ an Z Z ^ was 

(-100 mO. Tn e comfcned ^ ^ *° <'°° "« " <H* 

residue was purified by flash ^ 0Ver and concentrated. The 

*ve yeiiow soiid (0, 16 g . m^S^T^ "* "* ««" * to 
JH s). 7.96 (1H , s). ,33 (1 „. J. , =5 Th ~ d 7 6 <m * J - 51 «• 
Example 43: I^DimethyM-p^methvLrh! , * J= 49 Hz): ES,M W): 309.95. 




_ / V 



O 

I*-**** acid methylamide £££ *" '^'■ a ^-* 

0-42 mmoie, in a manner as previousiv deVJ!'? 2 ^ ^ ^ (0.137g. 

(0.0159. 9 % , •„ NMR ( 300 MH^^ ^ ThT^ 1 * ^ " *** ~ 
«* 8 40 (,K S), 8.30 (1K s). 7 84 « H d . « u ^ "* 8 43 (1H ' 

492.05. H2)> 3 68 (3H ' S >" 2 «1 (6H. m). 2.61 (3H. s>; ES.MS (MH*): 

Am* Calcd. For C^.N^CI.O.S CH 2 <X- C 5S in- u „ 

<42; N. 12.99. * *' °' 55 - 10; ' 4 "1 5 : 13.1 1; Found: C. 55 14- H 

EXamP ' e44(a): tert - B ^Pmo,id,n-3- yImelnyIcart)amate 
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To a solution of fert-butyl (1-benzylpyrrolidin-3-yl)methylcarbamate (3.0g, 10.33 
mmole) in EtOAc (100 ml) was added Pd(OH) 2 on carbon (0.3 g). The mixture was stirred 
under H 2 balloon at room temperature for 3 h and filtered through Celite. The filtrate was 
concentrated to give colorless oil (1.87 g, 90%). 
5 Example 44(b): fe/t-Butyl {1-[(7-chlorothleno[3,2-b]pyridin-2-yl)carbonylJpyrrolidin-3- 
yl}methylcarbamate 



CI 




This material was prepared from 7-chlorothieno[3,2-b]pyridine-2-carboxylic acid 
lithium salt (2.27g, 10.33 mmole), SOCI 2 (10 ml), /erf-butyl pyrrolidin-3-ylmethylcarbamate 
10 44a (2.07g, 10.33 mmole) and EtaN (1.44 ml, 10.33 mmole) in a manner as previously 
described for example 9d to give a yellow solid (2.44g, 60%). 1 H NMR (300 MHz, CDCI 3 ) 5 
. 7.85 (1H, s), 7.34 (1H, d, J = 5.1 Hz), 4.73 (1H. s), 3.96 (1H, m), 3.85 (1H, m), 3.70 (1H, m), 
3.55 (1H. m), 3.42 (1H, m), 3.22 (2H, m), 2.54 (1H, m), 2.12 (1H, m), 1.43, 1.41 (9H, s); 
ESIMS (M+): 396.05. 

15 Example 44: fe/t-Butyl (1-{[7-({1,2-dimethyl-3-[(methylamino)carbonyl]-1H-indol-6- 
yt}oxy)thieno[3,2-b]pyridin-2-yl]carbonyl}pyrroHdin-3-yl)methy!carbamate 




This material was prepared by the reaction of fort-butyl {1-((7-chlorothieno[3.2- 
/>]pyridin-2-yl)carbonyl]pyrrolidin-3-yl}methylcarbamate 44b (O.206g, 0.52 mmole) with 6- 

20 hydroxy-A/,1,2-trimethyl-1H-indole-3-carboxamide 16e (0.1 13g, 0.52 mmole) and Cs 2 C0 3 
(0.1 69g, 0.52 mmole) in a manner as previously described for example 1 to give an off-white 
solid (0.1 68g, 56%). 1 H NMR (300 MHz, CDCI 3 ) 6 8.48 (1H, d, J = 5.3 Hz), 7.82 (1H, s), 7.75 
(1H, d, J = 8.7 Hz), 7.25 (1H, s), 7.15 (1H, d, J = 2.0 Hz), 7.02 (1H, dd, J = 2.0, 8.7 Hz), 6.56 
(1H, d, J = 5.3 Hz), 5.89 (1H, s), 4.74 (1H, s), 3.97 (1H, m), 3.84 (1H, m), 3.65 (3H, s), 3.44 

25 (1H, m), 3.20 (2H, m), 3.06 (3H, d, J = 4.71 Hz), 2.72 (3H, s), 1.77 (1H, m), 1.44, 1.42 (9H, s), 
0.84 (2H, m). 
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Anal. Calcd. For (WfcNAS-I.O H.0.1 2 Etna „ 

59-54; H, 6.44; N, 9.85. ^ C " 59 59; H ' "* N, 9.98; Found: C . 

Sample 45: S-p^Aminomethyl-pyrroHw,,,.., . 



0 H 




10 



15 



9 

H2N 

Trifluoroacetic acid f 1 mn 

«mated to give a ye,.ow so.id (0.050g 4oT wT, ^ ? ~ Wto "" "* 

W d.V-8.8 Hz), 6.67 (1„. d . ; =5 . 5 J^"" * 754 (1H. d, J= Hz , 7 . 02 
(3H. S). 3.54 (1H. m) . 3.36 <1H. m) 2 96 ^ H m f « ' ^ ^ 378 (1H ' * ^ 

Ca,Cd " For CasH^CS-.I.O CF 3 C0 2 H.2 7 cm r, . 
C 46.87; H, 4.27; N. 9.06. - ? °" 4669: * 9-17; Found; 

Example 46(a)- al//-i rf7 
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yellow solid (0.283 g, 82%). 1 H NMR (300 MHz, CDCI 3 ) $ 8.62 (1 H, d, J = 5.1 Hz), 7.85 (1 H, 
s) f 7.34 (1H, d, J = 5.1 Hz), 4.72 (1H f s), 3.99 (1H, m), 3.77 (2H, m), 3.50 (1H, m), 3.19 (2H, 
m), 2.88 (3H, d, J = 12.06 Hz), 2.62 (1H, m), 2.14 (1H, m), 1.83 (1H, m); ESIMS (MH*): 
310.10. 

5 Example 46: l^-Dimethyl^P^-methylaminomethyl-pyrrolidine-l-carbonyl)- 
thieno[3,2-b]pyridin-7-yloxy]-1 H-indole-3-carboxylic acid methylamide 



HN 

\ 

This material was prepared by the reaction of A^({1-[(7-chlorothieno[3,2-b]pyridin-2- 
y1)carbonyl]pyrrolidin-3-yl}methyl)-A/-methylamine 46a (0.115g, 0.41 mmole) with 6-hydroxy- 

10 A/,1,2-trimethyl-1H"indole-3-carboxamide 16e (0.090g, 0.41 mmole) and Cs 2 C0 3 (0.147g, 
0.41 mmole) in a manner as previously described for example 1 to give an off-white solid 
(0.1 10g, 54%). 'H NMR (300 MHz, DMSO-cfe) 5 8.54 (1H, s), 8.01 (1H, s), 7.83 (1H, m), 7.54 
(2H, m), 7.02 (1H, s), 6.64 (1H, d, J = 5.46 Hz), 3.93 (2H, m). 3.68 (3H, s), 3.54 (2H, m), 3.16 
(2H, m), 2.99 (1H, m) t 2.80 (3H, s), 2.79 (3H, s), 1.98 (2H, m), 1.65 (1H, m); HRMS (MH*): 

15 Calcd: 492.2064; Found: 492.2048. 

Example 47(a): Methyl Af-[(7-chlorothleno[3 f 2-b]pyridin-2-yl)carbonyl]-L-serinate 

ci 

HO-, 

20 This material was prepared from lithium 7-chlorothieno[3,2-/?]pyridine-2-carboxylic 

acid (2.69g, 12.25 mmole), SOCI 2 (10 ml), L-serine methyl ester hydrochloride (2.86g, 18.4 
mmole) and Et 3 N (5.12 ml, 37.7 mmole) in a manner as previously described for example 9d 
to give a white solid (2.09g, 54%). 'H NMR (300 MHz, CDCI 3 ) 5 8.61 (1H, d, J= 5.1 Hz), 8.02 
(1H, s), 7.35 (1H, d, J = 5.1 Hz), 4.89 (1H f m), 4.15 (2H, m), 3.84 (3H, m). 

25 Example 47(b): 2-[2-(7-Chlorothieno[3 f 2-b]pyridin-2-yl)-4,5-dihydro-1 ,3-oxazol-4- 
yl]propan-2-ol 



o / 



l 
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*<)• The reason mixture was s«rred a, reflux fTr2h 7 T ^ h THF (1 ° 

layers were dried over MgSO, and concentLd T °' 6 C ° mb '' ned 

chromatography e,utin g with L^^Tt ^ ^ PUrified «** «*-«, 

— ■ ^a rasau; 

CI 




MnO ? (0.628 mg) was added to a solution of 2 r2 / 7,h, 

^wi^o.^op^ 47b (0 tri 0 f m ^ 

reaction mixture was heated to reflux for 2hr ' th « * " 2ene (15 ™» 

concentrated and^e residue was p7 ri edTv 'fl T thr ° U9h ^ ^ fi,frate - " 

(1H, d, J = 5.0 Hz), 8.35 (1H, s), 8.20 (1H s) 7 36 H d " ^ R (3 °° MHz > C ^a) P 8.65 
(MH*): 294.95. ' 36 ° H ' d ' ^ " 5 0 »^.97 (3H, s); ESIMS 

" CI 




OH 



W3S ^ ,0 3 SO ' Uti - °< -thy, 2 , 7 . 

oo ml , a t o. c. r rea.:r n:rrr: a 058 mmote) * ™ 

NH.C. (1 ml) and partjtioned „, " w * ° C f ° r 1h ' I""*" with saturated 

-hined organic iayers were d^LT^ H ° * "° ^ ^ "* 
°V «ash ooiumn chromatography ^ ^ ~» 

off-white soiid (0.070 g 41%) \ Z ^ f ^ " 1:1 Et ° Ac and «W, to give a 

<1H. s>. 8,0 (1H, s). 7 36 (1H d „7 3 ^ ^ 6 ^ W * ' = 5 ° * «■ 

Examp, e 47 . ' J;"' £ " UH * W « * »« (MH*,: 294.95. 
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OH 



This material was prepared by the reaction of 2-[2-(7-chlorothieno[3,2-b]pyridin-2-yl)- 
1 ,3-oxazol-4-yl]propan-2-ol 47d (0.068g, 0.23 mmole) with 6-hydroxy-A/,1,2«trimethyl-1 W- 
indole-3-carboxamide 16e (0.051 g, 0.23 mmole) and Cs 2 C0 3 (0.081 g, 0.23 mmole) in a 
5 manner as previously described for example 1 to give a yellow solid (0.046g, 42%). *H NMR 
(300 MHz, CD 3 OD) $ 8.39 (1H, d, J = 5.3 Hz), 7.94 (1H, d, J = 1.0 Hz), 7.79 (1H, s). 7.77 (1H, 
s), 7.32 (1H, s), 6.98 (1H, d, J = 8.6 Hz), 6.62 (1H, d, J = 5.3 Hz), 3.63 (3H, s), 2.90 (3H, s), 
2.58 (3H, s), 1 .51 (6H, s); ESIMS (MH + ): 477.10. 

Anal. Calcd. For C^HzsN^S^O^S CH 2 CI 2 : C, 60.80; H, 5.15; N, 11.26; Found: C, 60.84; H, 
10 5.21; N, 10.98. 

Example 48(a): 7-Chloro-2-(5-methoxypyridln-2-yl)thieno[3,2-b]pyridine 

This material was prepared by coupling 7-chloro-2-(trimethylstannyl)thieno[3,2- 
d]pyridine 39a (0.21 4g, 0.64 mmole) with 2-iodo-5-methoxypyridine (0.1 52g, 0.64 mmole) 
15 using tereakis (triphenylphosphine)palladium(O) (30mg) as catalyst in a manner as previously 
described for example 39b to give a yellow solid (0.060g, 34%). 1 H NMR (300 MHz, CDCI 3 ) 5 
8.55 (1H, d, J = 5.1 Hz), 8.43 (1H, s), 8.28 (1H, dd, J= 1.3, 4.6 Hz), 7.34 (1H, m), 7.28 (1H, 
m). 7.24 (1 H, d, J= 5.8 Hz), 4.04 (3H, s). 

Example 48: 6-[2-(5-Methoxy-pyrldln-2-yl)-thleno[3,2-6]pyridin-7-yloxy]-1 ,2-dlmethyM H- 
20 indole-3-carboxylic acid methylamide 




This material was prepared by the reaction 7-chloro-2-(5-methoxypyridin-2- 
yl)thieno[3,2-6]pyridine 48a (0.058g, 0.21 mmole) with 6-hydroxy-A/,1,2-trimethyl-1H-indole-3- 
carboxamide 16e (0.046g, 0.21 mmole) and Cs 2 C0 3 (0.068g, 0.21 mmole) in a manner as 
25 previously described for example 1 to give a pale yellow solid (0.01 4g, 15%). *H NMR (300 
MHz, CDCI3) 6 8.42 (2H, m). 8.26 (1H, dd, J = 1.1, 4.6 Hz), 7.73 (1H, d, J = 8.6 Hz), 7.34 (1H, 
m), 7.27 (1H, d, J = 4.6 Hz), 7.15 (1H, d, J = 2.0 Hz), 7.05 (1H, dd. J = 2.0, 8.6 Hz), 6.49 (1H, 
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d,i/=5.31 Hz), 5.91 (1H,bs), 4.03 (3H,s), 3.64 (3H s) 3 06OH H i „o 

ESIMS(MH*): 459.03. &>J— 4.8 Hz), 2.72 (3H. s); 

Am* Calcd. For C^N&s*.? CH 3 OH: C 6418H 5?nw nee e' 

5.27; N. 11.47. * K N ' 11f55; C. 64.28; H. 

5 EXamP,e49(a):7 ^ tor ^^^^ 

. P «a^.:::^r p, 7 ^^^^ 

(3H.s, : E S,MS(^;27; 95 ' (1H * ^ * ™ * — HZ). 4.05 



VNH 

^ s 

15 °x 




20 



25 



previously described for e**mnu i . • 9 ' mmole) ln a manner *« 

8-1 HZ, 6.47 (1H. m , 5.67 (1 „. s) , 4 . 03 £ ^ ™£ '*£ " »* 6 73 ™ * 
(3H. s); ESIMS (MH*): 459.20. ( " * 307 ^ * J = 4 9 ^ 2 ™ 

Anal. Calcd. For C 2s H a N 4 O 3 S.0.85 H*0: C, 63 37- H sru- m n M e 

4.98; N, 11.43. ' ' H 1182; Found: C - 63.48; H. 

Bcampte 50(a): ^^rinii^^^^^ 
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This material was prepared by coupling 7-ch!oro-2-(trimethytstannyI)thieno[3,2- 
6]pyridine 39a (0.21 8g, 0.66 mmole) with 2-bromopyrimidine (0.1 04g, 0.66 mmole) using 
tereakis(triphenylphosphine) palladium(O) (31 mg) as catalyst in a manner as previously 
described for example 39b to give a white solid (0.066g, 40%). *H NMR (300 MHz, CDCI 3 ) 6 
8.76 (2H, d, J = 4.90 Hz), 8.57 (1H, d, J = 5.1 Hz), 8.41 (1H, s), 7.26 (1H f d, J = 5.1 Hz), 7.20 
(1H, m); ESIMS (MH + ): 248.00. 

Example 50: 1,2-Dimethyl-6-(2-pyrimldin-2-y!-thieno[3^-/)]pyrldin-7-yloxy)-1 W-indole-3- 
car boxy lie acid methyl amide 

O 7 



,J3Q- 



10 This material was prepared by the reaction of 7-chloro-2-pyrimidin-2-ylthieno[3,2- 

typyridine 50a (0.066g, 0.23 mmole) with 6-hydroxy-rV,1,2-trimethyt-1 Wndole-3-carboxamide 
16e (O.050g, 0.23 mmole) and CS2CO3 (0.075g ( 0.23 mmole) in a manner as previously 
described for example 1 to give a white solid (0.041 g, 41%). 1 H NMR (300 MHz, DMSO-cfe) 6 
8.90 (2H, d, J = 4.9 Hz), 8.50 (1H f d, J = 5.3 Hz), 8.29 (1H, s), 7.81 (1H, d, J = 8.5 Hz), 7.50 

15 (3H, m), 7.01 (1 H, dd, J = 2.2, 8.5 Hz), 6.60 (1 H, d, J = 5.3 Hz), 3.64 (3H, s), 2.76 (3H, d, J = 
4.5 Hz), 2.57 (3H, s); ESIMS (MH+): 430.10. 

Anal. Calcd. For CagH^NsOsS^OTS CH 3 OH: C, 62.90; H, 4.89; N, 15.44; Found: C, 62.92; H, 
4.61; N, 15.39. 

Example 51(a): 1-(7-Chlorothlenot3,2-6]pyridln-2-yl)propan-1-one 

2.5 M nBuLi in hexane (0.619 ml, 1.55 mmole) was added to a solution of 7- 
chlorothieno[3,2-fc]pyridine (0.250g, 1.47 mmole) in THF (5 ml) at -78° C. The reaction 
mixture was stirred at -78° C for 30 min, and then propanoyl chloride (0.162 ml, 1.76 mmole) 
was added. The reaction mixture stirred at -78° C and slowly warmed to 0° C and quenched 

25 with H 2 0 (10 ml), extracted with EtOAc (2 x 10ml). The organic layer was dried over MgS0 4 
and concentrated. The residue was purified by flash column chromatography eluting with 10- 
70% EtOAc in hexane to a off-white solid (0.084 g, 25%). 1 H NMR (300 MHz, CDCI 3 ) 6 8.66 
(1H, d, J = 4.9 Hz), 8.12 (1H, s), 7.38 (1H, d, J = 4.9 Hz), 3.09 (2H, q, J = 7.3 Hz), 1.29 (3H. t, 
J = 7.3 Hz,); ESIMS (MH*): 225.95. 

30 Example 51 : 1 ^-Dimethyl-e^-propionyl-thienop^-ftJpyridin^-yloxyJ-l H-indole-3- 
carboxyllc acid methylamide 
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solid (0.086 g, 61%). *H NMR (300 MHz, CD 3 OD) 5 8.50 (1H, d, J = 5.3 Hz), 8.11 (1H, s) t 
8.03 (1H, d, J = 7.9 Hz), 7.90 (1H, t, J = 7.9 Hz), 7.41 (2H, m), 4.16 (2H, s), 2.71 (6H, s). 
Example 52: 6-[2-(6-Dimethylaminomethyl-pyridin-2-yl)-thieno[3,2-6]pyridin-7-y!oxy]- 
1,2-dimethyM «-indole-3-carboxylic acid methylamide 




This material was prepared by the reaction of AA{[6-(7-chlorothieno[3,2-£?]pyridin-2- 
yl)pyridin-2-yl]methyl}-A/,/V«dimethylamine 52b (0.080 0.26 mmole) with 6-hydroxy-A/,1,2- 
trimethyl-1 Wndole-3-carboxamide 16e (0.058 g, 0.26 mmole) and Cs 2 C0 3 (0.085g, 0.26 
mmole) in a manner as previously described for example 1 to give a white solid (0.01 6g, 
10 13%). *H NMR (300 MHz, CD 3 OD) 5 8.27 (1H, d, J = 5.5 Hz), 7.91 (1H, s), 7.77 (3H, m), 7.31 
(1H, d, J = 7.0 Hz), 7.24 (1H, d, J = 2.0 Hz), 6.93 (1H, dd, J = 2.0, 8.6 Hz), 6.49 (1H, d, J = 
5.5 Hz), 3.57 (5H, m), 2.88 (3H, s), 2.54 (3H, s), 2.26 (6H, s). 

Anal. Calcd. For C^H^NgOaS-LS CH 2 CI 2 : C, 55.84; H, 4.93; N, 11.43; Found: C, 55.75; H f 
5.15; N, 11.01. 

15 Example 53: 6-[2-((R)-3-Hydroxy-pyrrolidine-1-carbonylHhieno[3,2-6]pyridin-7-yjbxy]- 
1,2-dimethyl-1W-indole-3-carboxylic acid cyclopropylamide 




OH 



This material was prepared by the reaction of (7-chioro-thieno [3,2-b]pyridin-2-yl)- 
((R)-3-hydroxy-pyrrolidin-1 -yl)-methanone 4a with 6-hydroxy-1 ,2-dimethyl-1 H-indole-3- 

20 carboxylic acid cyclopropylamide 20b and Cs 2 C0 3 in a manner as previously described for 
example 1. 1 H NMR (300 MHz, CD 3 OD) 6 8.50 (1 H, d, J= 5.5 Hz), 7.93 (1H, d, J = 17.33Hz), 
7.80 (1H, d, J = 8.6Hz), 7.39 (1H, d, J= 2.1 Hz), 7.05 (1H, dd, J= 2.1. 8.6 Hz), 6.71 (1H, d, J 
= 5.5 Hz), 4.54 (1H, bs), 4.11-4.00 (2H, m), 3.85-3.72(6H, m), 2.93-2.86(1 H, m), 2.66 (3H, s), 
2.19-2.07 (2H, m), 0.90-0.84 (2H, m), 0.76-0.68 (2H, m). LCMS (ESI+) (M+HJ/z Calc'd 491, 

25 found 491. 

Anal. (C 2 6H 26 N 4 O4S«0.2CH 2 CI 2 ) C, H, N. 
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This material was prepared by reaction of A^(cyclopropylmethyl)-6-methoxy-1,2- 
dimethyl-1 Wndole-3-carboxamide 55a (0.38g. 1.4 mmole) with 1.0 M BBr 3 in CH 2 CI 2 (4.19 ml, 
4.19 mmole) in a manner as previously described for example 1d to give a pale yellow solid 
(0.278g, 77%). *H NMR (400 MHz, CD 3 OD) $ 7.55 (1 H t d, J = 8.5 Hz), 6.77 (1 H, s), 6.71 (1 H, 
d, J = 8.5 Hz), 3.63 (3H, s), 3.28 (2H, m), 2.61 (3H, s). 1.18 (1H, m), 0.56 (2H, m) ; ESIMS 
(MH + ): 259.10. 

Example 55: A/-(Cyclopropy lmethyl)-1 ,2-dimethyl-6-{[2-(1 -methyl-1 H-i midazol-2- 
yl)thieno[3,2-d]pyridin-7-yl]oxy}-1H-indole-3-carboxamide 



This material was prepared by the reaction of 7-chloro-2-(1 -methyl-1 H-imidazol-2- 
yl)thieno[3,2-fc]pyridine 1e (0.76g, 0.32 mmole) with 6-hydroxy-A/,1,2-trimethyl-1 W-indole-3- 
carboxamide 55b (0.074g, 0.32 mmole) and Cs 2 C0 3 (0.098g, 0.30 mmole) in a manner as 
previously described for example 1 to give a pale yellow solid (0.060g, 40%). 1 H NMR (400 
MHz, CD 3 OD) 6 8.33 (1H, d, J = 5.6 Hz), 7.75 (1H, d, J = 8.6 Hz), 7.67 (1H, s), 7.28 (1H, d, J 
= 2.2Hz), 7.21 (1H, d, J= 1.1 Hz), 6.99 (1H, d, J= 1.1 Hz), 6.95 (1H, dd, J = 2.2, 8.6 Hz), 
6.57 (1H, d, J = 5.6 Hz), 3.92 (3H, s), 3.61 (3H f s), 2.55 (3H, s), 1.06 (1H, m), 0.46 (2H, m), 
0.23 (2H,m). ESIMS (MH*): 472.10. 

Anal. Calcd. For CaeHasNgOzS-O.S CH 3 OH: C, 65.27; H, 5.58; N, 14.36; Found: C, 65.52; H, 
5.58; N, 14.12. 

Example 56: /V-(Cyclopropylmethyl)-6-[(2-{[(3fl)-3-hydroxypyrrolidin-1- 

yl]carbonyl}thieno[3 f 2-6]pyridin-7-yl)oxy]-1,2-dimethyl-1Wndole-3-carboxamide 



This material was prepared by the reaction of (3fl)-1-[(7-chlorothieno[3,2-d]pyridin-2- 
yl) carbonyl] pyrrolidin-3-ol 4a (0.083g, 0.29 mmole) with 6-hydroxy-/V,1,2-trimethyl-1H-indole- 
3-carboxamide 55b (0.075g, 0.29 mmole) and Cs 2 C0 3 (0.094g, 0.29 mmole) in a manner as 
previously described for example 1 to give a pale yellow solid (0.050g, 34%). *H NMR (300 
MHz, CD 3 OD) 5 8.50 (1 H, d, J = 5.3 Hz), 7.83 (1 H, s), 7.73 (1 H, d, J = 8.7 Hz), 7.50 (1 H, d, J 
= 4.7 Hz), 7.42 (1 H. d, J = 2.1 Hz), 6.99 (1 H, d, J = 2.1 , 8.7 Hz), 4.53 (1 H, m). 3.96 (2H, m), 
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w-.ndoJe-3-carboxyl.c acd cyclopropylmethy|.amide 
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This material was prepared from 6-methoxy-1,2-dimethyl-1H-indol-3-carboxy!ic acid 
propylamide 58a by treatment with BBr 3 in a manner as previously described for example 1d. 
*H NMR (300 MHz, CD 3 OD) 6 7.50 (1H, d, J= 8.7 Hz), 6.74 (1H, d, Js 1.9 Hz), 6.68 (1 H, dd, 
J= 1.9, 8.7 Hz), 3.61 (3H, s), 3.32 (2H, m), 2.58 (3H, s), 1.66 (2H, m), 1.01 (3H, t t J = 7.4 Hz). 
LCMS (ESI+) [M+H]/z Calc'd 247, found 247. 

Example 58: 6-(2-[2-(S)Hydroxymethyl-pyrrolldine-1-carbonyl]thleno[3,2-/)]pyrldln-7- 
yloxy)-1 ,2-dimethyl-1 H-lndote-3-carboxylic acid propylamide 



o 



o v 



OH 

This material was prepared by the reaction of (7-chloro-thieno[3,2-6]pyridin-2-y1)-(3- 
10 hydroxymethyl-pyrrolidin-1-yl)-methanone 3a (0.127 g, 0.43 mmole) with 6-hydroxy-1,2- 
dimethyl-7H-indole-3-carboxytic acid propylamide 58b (0.070 g, 0.285 mmole) and Cs 2 C0 3 
(0.099 g, 0.35 mmole) in a manner as previously described for example 1 to give 30 mg (14% 
yield) of pale yellow solid. 1 H NMR (CD 3 OD) $ 8.33 (1H, d, J= 5.1 Hz). 7.69-7.75 (2H, m), 
7.24 (1H, s), 6.9 (1H, d, J= 8.1 Hz), 6.56 (1H, d, J= 5.1 Hz), 4.22 (1H, m) t 3.64-3.78 (4H, m) f 
15 3.56 (3H, s), 3.20-3.31 (2H, m), 2.52 (3H, s), 1.90-1.98 (4H ? m), 1.62-1.55 (2H, m), 0.95-0.90 
(3H, m). ESIMS (MH+): 507.20. 

Anal. Calcd. For C^H^N^S-1 .0 CH 3 OH: C. 62.43; H, 6.36; N, 10.40. Found: C, 62.44; H, 
6.13; N, 10.13. 

Example 59: 6-[2-(3-Hydroxy-pyrrolidIne-1-carbonyl)-thieno[3,2-6]pyridin-7-yloxy]-1 ,2- 
20 dimethyl-3W-indole-3-carboxylic acid propylamide 

o v H 



O 

HO*N/ 

This material was prepared by the reaction of 7-chIoro-2-[(R)-3-hydroxypyrrolidine-1- 
carbynyl]thieno[3 t 2,-b]pyridine 4a with 6-hydroxy-1,2-dimethyl-1H-indol-3-carboxylic acid 
propylamide 58b and Cs 2 C0 3 in a manner as previously described for example 1. *H NMR 
25 (300 MHz, CD 3 OD) 6 8.50 (1H, d, J= 5.6 Hz), 7.96 (1H, d, J = 17.3 Hz), 7.86 (1H, d t J= 8.7 
Hz), 7.40 (1H, s), 7.06 (1H, d, J - 10.7 Hz), 6.72 (1H, d, J = 5.6 Hz). 4.61-4.53 (1H, m), 4.15- 
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previa, examw ' ("""a 0.31 mmole) to , ™ nwr „ 

* HZ,. 3.30 OH « - , "* ^ U 8 7 ** 6 55 OH. 
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This material was prepared from the reaction of 6-methoxy-1,2-dimethyMAfindole-3- 
carboxylic acid (1.1 2g, 5.11 mmoie) 16c with oxalyl chloride (0.682 ml, 13.6 mmole) and 
butan-1 -amine (1.51 ml, 15.33 mmole) in a manner as previously described for example 16d 
5 to give a yellow solid (0.990g, 71%). 1 H NMR (300 MHz, CDCI 3 ) 5 8.01 (1 H, d, J = 8.6 Hz), 
7.31 (1H, dd, J = 2.3, 8.6 Hz), 7.25 (1H, d. J = 2.3 Hz), 6.32 (1H, s), 4.34 (3H, s), 4.09 (3H, s), 
3.95 (2H, m), 3.16 (3H, s), 2.10 (2H, m), 1.92 (2H, m), 1.44 (3H, t. J = 7.4 Hz); ESIMS (MH*): 
275.15. 

Example 62(b): 6-Hydroxy-1,2-dimethyM ft-lndo!e-3-carboxyIIc acid butylamide 



This material was prepared by the reaction of 6-methoxy-1 ,2-dimethyM H-indole-3- 
carboxylic acid butylamide 62a (0.78g, 2.84 mmole) with 1.0 M BBr 3 in CH 2 CI 2 (8.53 ml, 8.53 
mmole) in a manner as previously described for example 1d to give an off-white solid (0.623g, 
96%). *H NMR (300 MHz, CD 3 OD) 6 7.40 (1 H, d, J » 8.5 Hz), 6.64 (1 H, d, J = 2.1 Hz), 6.59 
15 (1H, dd, J = 2.1, 8.5 Hz), 3.50 (3H, s), 3.29 (2H, m), 2.48 (3H, s), 1.54 (2H, m), 1.36 (2H, m), 
0.90 (3H, t, J = 7.3 Hz); ESIMS (MH*): 261.15. 

Example 62: 1 ,2-Di methyl-6-(2-thiazol-2-y l-thieno[3 ,2-fc]py ridin-7-yloxy)-1 H-indole-3- 
carboxylic acid butylamide 




20 This material was prepared by the reaction of 7-chloro-2-(1,3-thiazol-2-yl)thieno[3,2- 

6]pyridine 41a (0.085g, 0.33 mmole) with 6-Hydroxy-1,2-dimethyl-1H-indole-3-carboxylic acid 
butylamide 62b (0.087g, 0.33 mmole) and Cs2C0 3 (0.1 08g, 0.33 mmole) in a manner as 
previously described for example 1 to give a yellow solid (0.090g, 57%). 1 H NMR (300 MHz, 
CD 3 OD) $ 8.32 (1 H, d, J = 5.5 Hz), 7.83 (1 H, s), 7.78 (1 H, d, J = 3.2 Hz), 7.72 (1 H, d, J = 8.7 

25 Hz), 7.63 (1 H, d, J = 3.2 Hz), 7.28 (1 H, d, J = 2.0 Hz), 6.94 (1 H, dd, J = 2.0, 8.7 Hz), 6.56 (1 H, 
d, J = 5.5 Hz). 3.59 (3H, s), 3.34 (2H, m), 2.54 (3H, s), 1.57 (2H, m), 1.38 (2H, m), 0.90 (3H, t, 
J = 7.4 Hz); ESIMS (MH + ): 477.05. 
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Anal. Calcd; For QrfWU**-*/ H 2 0: C. 61 37- H 5 23- m 

5.22; N, 11.11. bl -3'. H, 5.23; N, 11.45; Found: C, 61.34; h, 

Examp le 63(a): 6-Met h oxy-1^ in , etnyl . 1/f ind 

amide naoie-3-carboxylic acid (3-hydroxy-propyl). 

O H 

J. 
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2-1 Hz), 6.68 (1H. dd. .7=2.1, 8.6 Hz, 3 69 2H t V «M " 6 73 (1H ' * «'= 

(2H. m). 2.57 (3H. s>, 1.85 (2H m , ^ i"' ' " "* 379 (3H ' S >' 3 <* OH. s), 3.51 

amide W,ndo 'e-3^rt,oxyHc acid (3-hydroxy-propy,,- 
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6-68 (IHM.J^.,, e. 6Hz) 369 2 , ~* ! K * •*>•»»» AH «, J-2.1 Hz). 
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Th'S material was prepared bw th 
25 chlorothienof3.2-.Jpyr.dine 25a with e-J'^TT " 

hydroxy-propy1). anii(J e 63b and Cs CO T * ^"^^W •* (3- 
'H NMR (300 MHz, CD 3 OD) 5 SSO^J^T 

(tH ' d " / - 5 -5Hz,.7.89(1H,d. J=8 .7H 2 ,.7.82(1H,s, 
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7.40 (1H, s), 7.06 (1H, d, J= 6.6 Hz), 6.72 (1H, d, J= 5.5 Hz), 4.74-4.65 (2H, m), 4.31-3.68 
(5H, m), 3.60-3.55(2H, m), 2.68 (3H f s), 2.54-2.46 (2H, m), 1.95-1.87 (2H, m). LCMS (ESI+) 
[M+HJ/z Calc'd 478, found 478. 
Anal. (C2 5 H26N403S«0.9CH 2 CI 2 ) C, H, N. 

Example 64: 6-[2-((R)-3-Hydroxy-pyrrolldine-1 -carbonyl)-thieno[3,2-d]pyridin-7-yloxy]- 
1 ,2-di methy 1-1 tf-ind ole-3-carboxy lie acid (3-hydroxy-propy l)-amide 



This material was prepared by the reaction of (7-chloro-thieno [3,2-fc] pyridin-2-yl)- 
((R)-3-hydroxy-pyrrolidin-1 -yl)-methanone 4a with 6-hydroxy-1 ,2-dimethyM H-indole-3- 
carboxylic acid (3-hydroxy-propyl)-amide 63b and Cs 2 C0 3 in a manner as previously 
described for example 1. *H NMR (300 MHz, CD 3 OD) 8 8.38 (1H, d, J= 5.5 Hz), 7.84-7.74 
(2H,m), 7.28 (1H, d, J= 2.1 Hz), 6.94 (1H, dd, J= 2.1,8.6 Hz), 6.60 (1 H, d, J= 5.5 Hz), 4.45- 
4.42 (1H, m), 3.93-3.91 (2H, m), 3.71-3.60 (8H, m), 3.45 (2H, m), 2.56 (3H t s), 2.02-1.98 (2H, 
m), 1 .72-1 .68 (2H, m). LCMS (ESI+) [M+H]/z Calc'd 509, found 509. 
Anal. (C2 6 H 28 N4O5S*0.6CH 2 Cl2) C, H, N. 

Example 65: 1 ^-Dimethyl-6-[2-(pyrroIidine-1-carbonyl)-thieno[3 f 2-b]pyridin-7-yloxy]-1 H- 
indole-3-carboxylic acid (3-hydroxy-propyl)-amide 



This material was prepared from the reaction of (7-chloro-thieno[3,2-6]pyridin-2-y1)- 
pyrrolidin-1 -yl-methanone with 6-hydroxy-1 ,2-dimethyl-1 W-indole-3-carboxylic acid (3- 
hydroxy-propyl)-amide 63b and Cs 2 C0 3 in a manner as previously described for example 1. 
1 H NMR (300 MHz, CD 3 OD) 5 8.44 (1H, d, J= 5.5 Hz), 7.85 (1H, s), 7.83 (1H, d, J= 10.0 Hz), 
7.35 (1H, d, J= 1.9 Hz), 7.01 (1H, dd, J= 1.9, 8.5 Hz), 6.66 (1H, d, J= 5.5 Hz), 3.88 (2H, m), 
3.67 (7H, m), 3.54 (2H, m), 2.63 (3H, s), 1.83-2.10 (6H, m). LCMS (ESI+) [M+HJ/z Calc'd 
493, found 493. 
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(1 H, d, J = 3.2 Hz), 7.73 (1 H, d, J = 8.6 Hz), 7.42 (1H, ti,J = 3.2 Hz), 7.17 (1H, d, J = 2.A Hz), 



10 




20 



7.07 (1H, dd, J = 2.1, 8.6 Hz), 6.54 (1H, d, J = 5.4 Hz), 5.71 (1H, d, J = 7.7 Hz), 4.36 (1H, m), 
3.66 (3H, s). 2.72 (3H, s) t 1.31 (6H, d, J = 6.6 Hz); ESIMS (MH*): 463.10. 
Anal. Calcd. For C 2 a^22^O 2 S 2 *0.3 H 2 0: C, 61.59; H, 4.87; N, 11.97; Found: C, 61.48; H, 
4.67; N, 11.86. 

Example 67(a): 6-Methoxy-1 ,2-dimethyM W-lndole-3-carboxylic acid isobutyl-amide 



This material was prepared from 1 t 2-dimethyl-6-methoxy-1H-indole-3-carboxylic acid 
16c, oxalyl chloride and isobutylamine in a manner as previously described for example 16d. 
! H NMR (300 MHz, CDCI 3 ) 5 7.56 (1H, d, J= 8.6 Hz), 6.85 (1H, dd, J= 2.2, 8.6 Hz), 6.78 (1H, 
d f J= 2.2 Hz), 3.87 (3H, s), 3.63 (3H, s), 3.32 (2H t m), 2.69 (3H, s), 1.93 (1H, m), 1.02 (3H, 
S), 1.00 (3H, s). LCMS (ESI+) [M+H]/z Calc'd 275, found 275. 

Example 67(b): 6-Hydroxy-1 ,2-dimethyM /f indofe-3-carboxylic acid isobutyl-amide 



This material was prepared from 6-methoxy-1,2-dimethyl-1H-indol-3-carboxylic acid 
isobutyl-amide 67a by treatment with BBr 3 in a manner as previously described for example 
1d. 1 H NMR (300 MHz, CD 3 OD) 5 7.52 (1H, d, J= 8.5 Hz). 6.74 (1H, d, J= 2.3 Hz), 6.68 (1H, 
dd, J= 2.3, 8.5 Hz), 3.61 (3H, s), 3.22 (2H, m), 2.58 (3H, s), 1.95 (1H, m), 1.02 (3H, s), 1.00 
(3H, s). LCMS (ESI+) [M+HJ/z Calc'd 261 . found 261 . 

Example 67: 1,2-Dlmethyl-6-(2-thiazol-2-yhthieno[3 f 2-/7]pyridin-7-yloxy)-1H-lndole-3- 
carboxylic acid isobutyl-amide 
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solid (0.445g, 59%). *H NMR (300 MHz, CD 3 OD) 5 7.49 (1H, d, J = 8.6 Hz), 6.71 (1H, s), 6.64 
(1H, dd, J = 2.2, 8.6 Hz), 3.87 (4H, m), 3.56 (3H, s). 3.47 (2H, t, J = 6.4 Hz), 3.10-3.24 (6H, 
m), 2.55 (3H, s), 2.00 (2H, m); ESIMS (MH*): 332.15. 

Example 68: 1 ,2-Dimethyl-6-(2-propiony l-thieno[3,2-fc]pyridin-7-yloxy)-1 H-indole-3- 
5 carboxylic acid (3-morpholin-4-yl-propyl)-amide 




This material was prepared by the reaction of 1-(7-Chlorothieno[3,2-b]pyridin-2- 
yl)propan-1-one 51a (0.074g, 0.33 rnmole) with 6-hydroxy-1,2-dimethyl-Af-(3-morphoiin-4- 

10 ylpropyl)-1 H-indole-3-carboxamide 68b (0.1 10g, 0.33 rnmole) and Cs 2 C0 3 (0.1 08g. 0.33 
mmole) in a manner as previously described for example 1 to give a white solid (0.01 9g, 
11%), 1 H NMR (300 MHz, DMSO-ofe) 5 8.58 (1H t d, J = 5.5 Hz), 8.47 (1H, s), 7.82 (1H, d, J = 
8.5 Hz), 7.69 (1H, t, J = 5.6 Hz), 7.55 (1 H, d, J « 2.1 Hz), 7.04 (1 H, dd, J = 2.1, 8.5 Hz), 6.67 
(1H, d, J = 5.5 Hz), 3.67 (3H, s). 3.54 (4H, m), 3.20 (2H, q, J = 7.2 Hz), 2.60 (3H, s), 2.36 (8H, 

15 m), 1.71 (2H, m), 1.13 (3H, t, J = 7.2 Hz); ESIMS (MH*): 521.15. 

Anal Calcd. For CzsH^N^S^.S HA C, 61.40; H, 6.44; N, 10.23; Found: C. 61.40; H, 6.13; 
N. 10.09. 

Example 69(a): 6-Methoxy-1,2-dimethyl-1 W-indole-3-carboxylic acid pyridin-2-ylamide 




This material was prepared from 1,2-dimethyl-6-methoxy-1H-indole-3-carboxylic acid 
16c, oxalyi chloride and propylamine in a manner as previously described for example 16d. 
1 H NMR (300 MHz, CDCI 3 ) 8 8.34-8.37 (2H, m), 8.30 (1H, d, J= 5.0 Hz), 7.78 (1H, d, J= 8.7 
Hz), 7.71 (1H, d, J= 8.9 Hz), 7.03 (1H, m), 6.92 (1H, dd, J = 2.3, 8.9 Hz), 6.82 (1H, d, J= 2.3 
25 Hz), 3.89 (3H, s), 3.68 (3H, s), 2.76 (3H, s). LCMS (ESI+) [M+HJ/z Calc'd 296, found 296. 
Example 69(b): 6-Hydroxy-1 f 2-dimethyl-1 H-indole-3-carboxylic acid py ridln-2-ylamide 
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This material was prepared from 6-methoxy-1 .2-dimethyl-l H-indol-3-carboxy.ic add 
pynd^amide 69a by treatment s BBr 3 in a manner as pre.ous.y j££ 
exam P ,e Id. - H NMR (300 MHz, CD,OD) 5 8.29 (1H. m). 8.24 (1H. d. 8.3 Hz) 7 82 (1H 
m). 7.64 (1H. d. J= 8.7 Hz,. 7.12 (1H. m). 6.82 (1H. d. ,=,2.2 Hz), 6.76 (1H dd 1-22 7 
Hz). 3.66 (3H.s), 2.69 (3H, s). LCMS (ES. + ) f M+HJ ,z Caic'd 282. found 282 ' 

1«-indole-3-carboxylicacidpyridin-2-ylamide 



V oXXV- 

^m^'lTT ^ ^ reaCti ° n ° f 7 ^2-(^ethy1.lH- im ida 2 ol-2- 

W)«h,e TO p.2.bIpynd,ne 1e with 6-hydroxy-1. 2-dimethyl-l ^ndo.e-3-carboxy.ic acid pyndin-2- 
yam,de 69b and CSa CC, in a manner as previousiy described for exampie 1. ' H n7r Z 
MHz. DM SO-d6) 5 8.43 (1H. d. J-S.S Hz). 8.33 (1H. s, 8.20 (1H. d. /= 3.8 Hz) 7 75- * 
3H. m, 7.6, ( 1H. s), 7.40 <1H, s, 7,1 (2H . m). 7.03 (1„. S , 6 .60 (1H. d. j m 5 5 H ) 4 
OH. s). 3.73 (3H. s). 2.68 (3H. s). LCMS (ES. + , [M + H]/z Caic'd 495. found 495 
Anal. (C27H22NSOS.S.1 .0H 2 O) C. H. N. 
Exam P ,e 70: WimethyH^Iaz^^ 

carboxylicacidpyridin-2-ylamide Wiwnaoie-3- 
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This material was prepared by the reaction of 7-chloro-2-(1 ,3-thiazol-2-yl)thieno[3,2- 
6]pyridine 41a (0.1 17g, 0.46 mmole) with 6-hydroxy-1 f 2-dirnethyl-AApyridin-2-yN1H-indo!e-3- 
carboxamide 69b (0.1 30g, 0.46 mmole) and Cs 2 C0 3 (0.150g, 0.46 mmole) in a manner as 
previously described for example 1 to give a yellow solid (0.051g f 22%). 1 H NMR (300 MHz, 
5 CDCI 3 ) § 8.48 (1H, 6, J = 5.5 Hz), 8.38 (1H, s), 8.35 (1H, s), 8.30 (1 H, d, J = 3.77 Hz), 7.95 
(2H, s), 7.88 (1 H, d, J = 3.2 Hz), 7.75 (1 H, m), 7.42 (1 H, d, J= 3.39 Hz), 7.22 (1 H, d, J = 1 .9 
Hz), 7.12 (1H, dd, J = 1.9, 8.6 Hz), 7.04 (1H, dd, J = 5.1, 6.6 Hz), 6.56 (1H, d, J = 5.5 Hz), 
3.70 (3H, m), 2.80 (3H, m); ESIMS (MH*): 498.05. 

Anal. Calcd. For CseH^NsOaSa^O.I H 2 0: C, 62.53; H, 3.88; N, 14.02; Found: C, 62.44; H, 
10 3.96; N, 13.83. 

Example 71(a): 2 f 2,2-Trifluoro-1-(6-methoxy-2-methyM H-indol-3-yl)-ethanone 




15 

To a solution of 6-methoxy-2-methyM H-indole (1g, 6.2 mmole) (prepared according 
to JACS 1998, 110, 2242) in 25 ml of THF was added TFAA (1.56 g, 7.44 mmole) with ice 
bath cooling. The mixture was warmed to room temperature and stirred for two hours and 
concentrated in vacuo. The residue was further purified by column chromatography (eluting 
20 with CH2CI2) to give 1.34 g product as pale yellow solid (82% yield). 1 H NMR (300 MHz, 
CDCI3) 5 7.90 (1 H, d, J = 8.9 Hz), 6.87 (1 H, dd, J = 2.2, 8.9 Hz), 6.80 (1 H, d, J = 2.2 Hz). 3.82 
(3H, s), 2.69 (3H, s). 

Example 71(b): 1-(1-Ethyl-6-methoxy-2-methyl-1 H-indol-3-yl)-2,2,2-trifluoro-ethanone 




25 To a solution of 2,2,2-trifluoro-1-(6-methoxy-2-methyl-1H-indol-3-yt)-ethanone 71a 

(1.3 g, 5.05 mmole) in 20 ml anhydrous THF was added ethyl iodide (2.36 g, 15.15 mmole) 
and sodium hydride (404 mg, 60% in mineral oil, 10.1 mmole) with ice bath cooling. The 
mixture was warmed slowly to room temperature and stirred for an additional four hours. The 
reaction was quenched with water and extracted with EtOAc. The combined organic layer 

30 was dried over Na 2 S0 4 , filtered and concentrated under rot vap. The residue was purified by 
column chromatography (eluting with 20-30% EtOAc in hexanes) to give a brown oil (580 mg, 
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HNMR ,300 MHz. COC« 5 7.91 (,H.d. ,.„„* 69 3„ Had , , 
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This material was prepared from 1-ethy)-6-methoxy-2-methvl-1H.inHn. a , , 
acid methyfamide 71d (350 mq 1 42 m ™J k meth y-'W->ndole.3.carboxyfic 

1 mg, 1,42 mmole) by treatment with RRr m , 
previously described for example 1d, ogive 280 LI nn /! * 3 manner 38 

m t0 g.ve 280 mg product as white solid (85 % yield), 'h 
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NMR (400 MHz, CDCI 3 ) 5 7.48 (1H, d, J= 8.3 Hz), 6.73-6.77 (2H, m), 6.01 (1H, bs), 4.04 (2H, 



Example 71 : 6-[2-(Azetidjne-1-carbonyl)-thieno[3 f 2-t)]pyridin-7-yloxy]-1-ethyl-2-methyl- 
1 tf-indole-3-carboxylic acid methylamide 



This material was prepared by the reaction of 2-(azetidin-1-ylcarbonyl)-7- 
chlorothieno[3,2~6]pyridine 25a with 1-ethyl-6-hydroxy-2-methyl-1H-indole-3-carboxylic acid 
methylamide 71 e and Cs 2 C0 3 in a manner as previously described for example 1. *H NMR 
(300 MHz, CDCI 3 ) 8 8.47 (1H f d, J= 5.5 Hz), 7.75 (2H, m), 7.16 (1H ( d, J= 1.7 Hz), 7.01 (1H, 
dd, J= 1.7, 8.4 Hz), 6.56 (1H, d, J= 5.5 Hz), 5.91 (1H, bs), 4.59 (2H, m), 4.28 (2H, m), 4.11 
(2H, m), 3.05 (3H, d, J = 4.0 Hz), 2.72 (3H. s), 2.45 (2H, m), 1.33 (3H, m). LCMS (ESI+) 
[M+H]/z Calc'd 449, found 449. 

Anal. (C 2 4H 2 4N4O 3 S*0.5H2O*0.25Me0H) C, H, N. 
Example 72: 1-Ethyl-2-methyl-6-[2-(1-methyM H-imidazol-2-yl)-thieno[3,2-Z>]pyridin-7. 
yloxy]-1 W-indole-3-carboxylic acid methylamide 



This material was prepared by the reaction of 7-chIoro-2-(1 -methyl- 1 H-imidazol-2- 
y0thieno[3,2-fc]pyridine 1e with 1-ethyl-6-hydroxy-2-methyM H-indole-3-carboxylic acid 
methylamide 71e and Cs 2 C0 3 In a manner as previously described for example 1. 1 H NMR 
(300 MHz, CDCI3) 5 8.44 (1H, d, J= 5.4 Hz), 7.74 (1H, d, J= 8.7 Hz), 7.68 (1H, s), 7.18 (1H, 
d, J= 1.9 Hz), 7.14 (1H, s), 7.05 (1H, d, J= 1.9 Hz), 7.02 (1H P s), 6.54 (1H, d, J= 5.4 Hz), 
5.92 (1H, bs), 4.11 (2H, m), 3.96 (3H, s), 3.05 (3H, d, J= 4.7 Hz), 2.72 (3H, s), 1.33 (3H, m). 
LCMS (ESI+) [M+H]/z Calc'd 446, found 446. 

Anal. (C 2 4H 23 N 5 O 2 S»0.5 H 2 O0.5 MeOH) C, H, N. 
Example 73(a): [2-(2-Hydroxy-butyl)-5-methoxy-phenyl]-carbamlc acid f-butyl ester 



q, J= 7.2 Hz, 3.03 (3H, d, J= 4.9 Hz), 2.66 (3H, s), 1.31 (3H, t, J= 7.2 Hz). 




\ 
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rri r ( ^: e ;° xy - 2 -r y, - pheny,) - carbamic **« ». mm o, e) 

n 100 m. THF coded at -45 °C was added sec-BuU (45 ml. 58.5 mmole) s.ow.y to keep 
temperatue lower than -45 °C. The reaction mixture was stirred and warmed to -20 I °C then 
coded to -45 C and propionate (2.67 ml. 36.63 mmo.e) was added. The reaction 
nurture was stirred and warmed to room temperature for 1 h. quenched with 1N HC. and 
exacted with EtOAc dried over MgS0 4 and concentrated. The residue was punfied by flash 
column chromatography (10 - 15% EtOAc in hexane) to give colorless oii (3.40 g 39%) ' H 
NMR (CDCI3) § 7.96 (1H, s). 7.44 (1H, s), 6.96-7.00 (1H, m), 6.55 (1H, m), 3.80 (3H s) 2 60- 
2-76 (2H. m). 1.93-1.95 (2H. m). 1.50 (9H. s). 0.93-1.01 (4H. m). ESIMS (MNa*): 318 20 
Examp.e 73(b): [5-Met h oxy-2-(2^x<Hbuty.)- P henyn-carbamlc add f-buty. ester 



-3* »5 



^A^NHBoc 



To a solution of Dess-Martin reagent (2.82 g. 6.68 mmole) in 80 ml THF cooled at 0 °C was 
added (^-hydroxy-butyD-S-memoxy-phenylJ-carbamic add M,uty1 ester 73a (1 64 o 5 57 
mmole, in 20 m, THF. The reaction mixture was stirred and warmed to room temporal for 
2 h quenched with haif saturated NaHCO, extraded with EtOAc. The organic .ayer was 
20 dned over MgSO. and concentrated. The residue was putffed by flash J , 1 

Zw^hh" 15% BK3AC ^ to * Ve C ° ,oriess °" «* 

CDC , 5 7 ^6 (1H . bs), 7.48 (1H. s). 6.99-7.03 (1H. m). 6.56*60 (1H. m). 3.79 (3H, S ,, 3.59 
(2H. s, 2.53-2.61 (2H. q. ,2 Hz), 1.51 (9H. s). 1.02 (3H, , J, 7.2 Hz,. ESIMS (MNa*): 

25 Example 73(a): 2-Ethyl-6-methoxy-1«.,ndole 



To a solution of f5-methoxy.2-(2-oxo-butv.)-phenv.]-carbamic acid «>uty1 ester 73b (1 36 q 
4.65 mmole) in 10 ml THF was added 4 m. TFA. The readion mixture was stirred at'room 
temperature for 5 h. quenched with 50 ml H 2 0 and extraded with EtOAc. The organic layer 
was dned over MgS0 4 and concentrated. The residue was purified by flash cdumn 
chromatography (10 - 15% EtOAc in hexane) to give pale yeflow solid (1.36 g. 73%) 'H NMR 
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(CDCI3) 8 7.75 (1H, bs), 7.49 (1H, d, J= 8.6 Hz), 6.81 (1H, s), 6.73 (1H, d t J= 8.6 Hz), 3.63 
(3H, s), 2.75 (2H, q, J= 7.5 Hz), 1.32 (3H, t, J= 7.5 Hz). ESIMS (MH*): 272.10. 
Example 73(d): 1-(2-Ethyl-6-methoxy-1-methyl-1 W-indo!-3-yl)-2,2,2-trifluoro-ethanone 



I 

5 

To a solution of 2-ethyl-6-methoxy-JW-indole 73c (1.79 g,.10.2 mmole) in 50 ml THF at 0 °C 
was added TFAA (1.58 ml, 11.22 mmole). The reaction mixture was stirred at 0 °C for 1 h, 
then concentrated and dried under vacuum, which was used without purification. ESIMS 
(MH + ): 272.10. The above residue was dissolved in 25 ml THF and cooled to 0 D C, Mel (1 .59 

10 ml, 25.5 ml) and NaH (60%, 0.816 g, 20.4 mmole) was added. The reaction was stirred at 
room temperature for 1h, quenched with H 2 0 and extracted with EtOAc. The organic layer 
was dried over MgS0 4v and concentrated. The residue was purified by flash column 
chromatography (25% EtOAc in hexane) to give yellow color solid (2.42 g, 73%). *H NMR 
(CDCI3) § 7.88 (1H, d. J= 8.9 Hz), 6.94 (1H, dd, J= 2.4, 8.9 Hz), 6.81 (1H, s), 3.88 (3H, s), 

15 3.72 (3H, s), 3.20 (2H, q, J= 7.5 Hz), 1.27 (3H, t, J= 7.5 Hz). ESIMS (MH*): 286.10 
Example 73(e): 2-Ethyl-6-methoxy-1-methyMH-indole-3-carboxylic acid 

* OH 




KOH (1.9 g, 33.49 mmole) in 20 ml H2O was added to a solution of 1-(2-ethyl-6-methoxy-1- 
20 methyl- yH-indol*3-yl)-2,2,2-trifluoro-ethanone 73d (2.42 g, 8.47 mmole) in 20 ml EtOH. The 
reaction mixture was heated to reflux for 8 h and concentrated. The residue was dissolved in 
H 2 0, acidified with 1N HCI to pH - 1 and filtrated. The solid was purified by flash column 
chromatography (2 - 5% CH 3 OH in CH 2 CI 2 ) to give yellow color solid (1.3 g, 72%). *H NMR 
(CDCI3) 5 11.88 (1H, bs), 7.82 (1H, d, J= 8.7 Hz), 7.04 (1H, s), 6.77 (1H, d, J= 8.7 Hz), 3.80 
25 (3H, s), 3.70 (3H, s), 3.51 (2H, q, J= 7.4 Hz), 1.15 (3H, t, J= 7.4 Hz). ESIMS (MH*): 234.05. 
Example 73(f): 2-Ethyl-6-methoxy-1-methyl-1 W-indole-3-carboxylic acid methylamlde 

o v / 



I 

Thionyl chloride (0.383 ml, 4.45 mmole) was added to a solution of 2-ethyl-6-methoxy-1- 
methyi- JH-indole-3-carboxylic acid 73e (0.347 g, 1.48 mmole). The reaction mixture was 
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heated to reflux for 30 min and concentrated. The residue was dissolved in 5 ml CH 2 CI 2 and 
added methylamine (2.0 M in THF. 2.22 ml, 4.44 mmole). The reaction mixture was stirred at 
room temperature for Ihr. then concentrated. The residue was purified by flash column 
chromatography (2 - 5% CH 3 OH in CH 2 CI 2 ) to give yellow color solid (0.267 g. 73%) 'H NMR 
(CDCI 3 ) 6 7.47 (1H. d, J = 8.7 Hz), 6.80 (1H, s), 6.69 (1H, d, J = 8.7 Hz), 3.47 (3H, s) 3 58 
(3H. s), 3.00 (2H, q. J= 7.4 Hz). 2.83 (3H, s). 1.14 (3H. t, J= 7.4 Hz). ESIMS (MH*): 247 10 
Example 73(g): 2-Ethyh6-hydroxy-1-methyl-1«.indole-3-carboxylic acid methylamide 



To a solution of 2-ethyl-6-me1hoxy-1 -methyl- Windole-3-carboxylic acid methylamide 73f 
(0.267 g. 1.08 mmole) in 15 ml CH 2 CI 2 at 0 °C was added BBr 3 (1.0 M in C^Cfe, 325 ml, 
3.25 mmole). The reaction mixture was stirred at room temperature for 2 h. quenched with 
saturated NH 4 OH to make pH-10. The mixture was diluted with H.O and extracted with 10% 
CH3OH in CH 2 CI 2 . The organic layer was dried over MgSO< and concentrated. The residue 
purified by flash column chromatography (3 - 5% CH 3 OH in CH 2 CI 2 ) to give pale yellow color 
solid (0.170 g. 68%). 'H NMR (CDCfe) $ 7.40 (1H. d. J= 8.5 Hz), 6.65 (1H, s). 6.59 (1H d J- 
8.5 Hz), 3.53 (3H, s). 3.28 (2H. q. J = 7.5 Hz), 2.82 (3H. s). 1.13 (3H. t, J= 7.5 Hz). ESIMS 
(MH + ): 233.15. 

Example 73: Z-Ethyl^-p-O-hydroxy-pyrrolidine-l-carbonyD.thlenop.^lpyridin-?- 
20 yloxy]-1-methyl-1 H-indole-3-carboxylic acid methylamide 



0 



OH 



The material was prepared by the reaction of (7-chloro-thieno[3,2-6]pyridin-2-yl)-(3-hydroxy- 
pyrrolidin-l-yO-methanone 4a (0.146 g. 0.517 mmole) with 2-ethyt-6-hyd ro xy-1 -methyl- 1H- 
indole-3-carboxylic acid methylamide 73g (0.080 g. 0.344 mmole) and Cs^Os (0.112 g. 
0.344 mmole) in a manner as previously described for example 1 to give 30 mg (18% yield) of 
pale yellow solid. «H NMR (CD3OO) S 8.34 (1H, d, J= 5.5 Hz). 7.69-7.70 (2H, m), 7.26 (1H 
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s), 6.91 (1H, d, J= 6.8 Hz), 6.65 (1H, d, J= 5.5 Hz), 4.39 (1H, m), 3.90 (2H, m), 3.67-3.61 
(5H, m), 2.99 (2H, m), 2.86 (3H, m), 2.00 (2H, m), 1.14-1.19 (3H, m). ESIMS (MH + ): 479.10. 
AnaL Calcd. For CasHssN^S^O.SS CH 2 CI 2 : C, 58.42; H, 5.20; N, 10.67. Found: C, 58.47; H, 
5.43; N, 11.31. 

Example 74: 2-Ethyl-1-methyl-6-[2-(1-methyl-1/f^ 
yloxy]-1 H-indole-3-carboxylic acid methylamide 



This materia! was prepared by the reaction 7-chloro-2-(1-methyl-1H-imidazol-2-yl)thieno[3 t 2- 
fc]pyridine 1e (0.084g, 0.34 mmole) with 2-ethyl-6-hydroxy-A/,1-dimethyl-1Wndole-3- 
carboxamide 73g (0.078g, 0.33 mmole) and Cs 2 C0 3 (0.1 1 1 g, 0.34 mmole) in a manner as 
previously described for example 1 to give an off-white solid (0.058g, 40%). 1 H NMR (300 
MHz, CD 3 OD § 8.27 (1 H, d, J = 5.4 Hz), 7.68 (1 H, d, J = 8.6 Hz), 7.59 (1 H, s), 7.24 (1 H, d, J = 
1.9 Hz), 7.17 (1H f s), 6.96 (1H, s), 6.90 (1H, dd, J = 1.9, 8.6 Hz), 6.50 (1H, d, J = 5.4 Hz), 
3.87 (3H, s), 3.58 (3H, s), 3.01 (2H, m), 2.85 (3H, s), 1.14 (3H, m). HRMS (MH*): Calcd: 
446.1655; Found: 446.1651. 

Example 75(a): 6-Methoxy-1-methyl-1M-indole-3-carboxylic acid methylamide 



This material was prepared from 6-methoxy-1-methyl-1H-indole-3-carboxylic acid 16b (2.39 g, 
10.9 mmole), oxalyl chloride and methylamine in a manner as previously described for 
example 16d to give a brown solid (1.08g, 45%). *H NMR (300 MHz, DMSO-dfe) § 7.97 (1H, 
d, J = 8.7 Hz). 7.76 (2H, m), 6.99 (1 H, d, J = 2.3 Hz), 6.77 (1 H, dd, J = 2.3, 8.7 Hz), 3.80 (3H, 
s), 3.76 (3H, s), 2.74 (3H, s); ESIMS (MH*): 219.05. 

Example 75(b): 2-Chioro-6-methoxy-1-methyMH-indole-3-carboxyNc acid methylamide 
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/v-Chlorosucdnimide (0.150 g, 1.12 mmole) was added to a solution of 6-m e thoxy-/v.1- 
d I methy.-1 W .indole-3-carboxa m ide 75a (0.243 g,1.11 m mo ie) in CCI 4 (10 ml) and DMF (3 ml) 
The reaction mixture was heated to 60°C for 3h and concentrated. The residue was purified 
by reverse phase chromatography eluting with 0-1% CH 3 OH in 1:1 EtOAc and CH.O, to give 
a brown colored oil (0.243 g. 87% yield); 'H NMR (300 MHz, CDCI 3 ) 8 7.61 (1H d J = 86 
Hz). 6.38 (1H. d. J = 8.6 Hz). 6.19 (1H. s). 3.35 (3H. s). 2.96 (3H. s). 2.52 (3H.'s); ESIMS 
(Mff ): 253.05. 

Example 75(c): 2-Chloro-6-h y droxy.1.methyM«.|„dole-3^arbox y Hc acid methylamide 

°.N H 



10 




Th.s material was prepared by reaction of 2-ch.orcK6-methoxy- W .l-dimethyl-1^indole-3- 
carboxamide 75b (0.38g. 1.4 mmole) with 1.0 M BBr 3 in CH 2 C 2 (4.19 m | ( 4.19 mmole) in a 
manner as previously described for example 1d to give an off-white solid (0 195g 85%) 
15 NMR (300 MHz. CD 3 OD) 8 7.61 (1H. d. J = 8.3 Hz). 6.65 (1H. s). 6.62 (1H. d. J = 2 1 Hz)' 
3.56 (3H, s) 2.85 (3H, s); ESIMS (MH*): 239.00. 

Example 75: Z-Chlor^-r^l-hydroxy-l-methyl-ethylJ-thiazol-^ylJ-thienop 2- 
6]pynd.n-7.yloxyH.methy|.1H.Sndole-3^arboxyllc acid methylamide 



-N 

20 ''oh 




25 



Th.s material was prepared by the reaction of 2-f2-(7<hlorothieno[3.2-b)pyndin-2-yl).1 3- 
1hiazol-4-y.]propan-2-ol 40a (0.102g. 0.33 mmole) with ^chlorc-e-hydroxy-A/.l-dimethyl-l^ 
indo.e-3-carboxamide 75c (0.085g. 0.33 mmole) and Cs,C0 3 (0.108g. 0.33 mmole) in a 
manner as previously described for example 1 to give an off-white solid (0.039g 21%) *H 
NMR(300MHz.CDCI 3 )$8.40(lH.d. J-5.5 Hz). 8.31 (1H. d. J = 8.3 Hz). 7.82 (1H m) 720 
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(1H, s), 7.14 (1H, s), 7.07 (2H, m), 6.47 (1H, d, J = 5.5 Hz), 6.34 (1H, m), 3.69 (3H, s), 3.01 
(3H, d, J = 4.7 Hz), 1 .60 (6H, s). 

Anal. Calcd. For C24H21N4O3S2OO.6 H 2 O1.0 CH 3 OH: C, 54.71; H, 4.53; N, 10.36; Found: C, 
54.56; H, 4.45; N, 10.17. 
5 Example 76(a): 2-lodo-5-methoxy-phenylamine 




To a solution of 4-iodo-3-nitroanisole (5g, 17.9 mmole) in 100 ml methanol was added 
10 FeCI 3 (50mg, 0.3 mmole) and activated carbon (40 mg). The mixture was heated to reflux 
and hydrazine hydrate (1.75 g, 35 mmole) was added dropwise. The mixture was refluxed for 
an additional 8 hours and cooled to room temperature, filtered through Celite. The filtrate was 
concentrated and purified by column chromatography (eluting with 10% EtOAc in hexanes) to 
give 4.05 g product as pale yellow oil (91% yield). 1 H NMR (300 MHz, CDCI 3 ) § 7.47 (1 H, d, J 
15 = 8.7 Hz), 6.31 (1H, d, J= 2.8 Hz), 6.13 (1H, dd, J= 2.8, 8.7 Hz), 3.73 (3H, s). 
Example 76(b): 2A2-Trifluoro-/V-(2-iodo-5-methoxy-phenyl)-acetamide 




20 To a solution of 2-iodo-5-methoxy-phenyf amine 76a (4.05 g, 16.3 mmole) in 10 ml 

anhydrous CH 2 CI 2 was added TFAA (4.1 g, 19.5 mmole). The mixture was stirred at 36°C 
overnight, TLC indicated some starting material remained. Additional TFAA (4.1 g, 19.5 
mmole) was added and stirred at 38°C for another 24 hours. The mixture was concentrated 
under rot vap and purified by column chromatography (eluting with 5-10 % EtOAc in hexanes) 

25 to give 4.6 g product (81% yield). 1 H NMR (300 MHz, CDCI 3 ) § 7.92 (1H, d, J= 2.8 Hz), 7.66 
(1 H, d, J = 8.9 Hz), 6.59 (1 H, dd, J= 2.8, 8.9 Hz), 3.82 (3H, s). 

Example 76(c): 4,4,4-Trifluoro-3-(2-iodo-5-methoxy-phenylamino)-but-2-enoic acid ethyl 
ester ► 

(fY 1 f C00Et 

H 

30 

A solution of 2,2,2-trifluoro-N-(2-iodo-5-methoxy-phenyl)-acetamide 76b (4.6 g, 13.3 
mmole) and methyl (triphenyiphosphoranylidene)acetate (8.7 g, 25 mmole) in 50 ml toluene 
was brought to reflux for 5 hours and cooled to room temperature. The solution was 
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concentrated, in vacuo and purified by column chromatography (eluting with 2-6 % EtOAc in 
hexanes) to give 4.8 g product (87% yield). 'H NMR (300 MHz, CDCI 3 ) 5 9 57 (1H s) 7 68 
(1H, d, J= 8.8 Hz). 6.83 (1H. d. J, 2.8 Hz). 6.57 (1H. dd. J= 2.8. 8.8 Hz). 5.43 (1H. .)' 4 23 
(2H. m). 3.76 (3H, s). 1 .55 (3H. s). 1 .31 (3H. m). 

Example 76(d): 6-Methoxy-2-trifluoromethyHH.,ndole-3^arboxylic acid ethyl ester 




CF S 

H 



A mixture of 4.4.4-trifluoro-3-(2-iodo-5-methoxy-phenylamino)-but-2-enoic acid ethyl 
ester 76c (0.5 g. 1.2 mmole), Pd(OAc) 2 (22.4 mg. 0.1 mmole). PPh 3 (52.5 mg. 0.2 mmole) 
and NaHCQ, (505 mg. 6mmole) in 5 ml DMF was heated at 120°C under argon for 24 hours 
and cooled to room temperature. The mixture was poured into EtOAc/water and washed with 
brine. The organic layer was dried over Na 2 S0 4 and concentrated under rot vap. The 
residue was purified by column chromatography to give 21 7 mg product (63% yield) 'H NMR 
(300 MHz. CD 3 OD) 8 8.00 (1H. d. J= 9.0 Hz). 6.96 (1H. d. J= 2.0 Hz). 6.90 (1 H. dd. J= 2 0 
9.0 Hz), 4.37 (2H. m). 3.84 (3H. s), 1 .40 (3H, m). 

Example 76(e): 6-Methoxy-1-methyl-2-trifluoromethyl-1/findole^carboxyllc acid ethyl 



°- o. 




This material was prepared from 6^ethoxy-2-trifluoromethyl-lH-indole-3^rboxylic 
acid ethyl ester 76d (1.64 g, 5.7 mmole) by treatment with NaH (274 mg. 60% in mineral oil 
6.84 mmole) and methyl iodide (1.21 g, 8.55 mmole) and NaH in a manner as previously 
described for example 16b to give 1.5 g product (87% yield). 'H NMR (300 MHz. CDCI3) 8 
. 7.96 (1H. dd. J= 3.7. 8.8 Hz). 6.94 (1H.dd.J= 2.3. 9.1 Hz). 6.77 (1H. d. J= 2.1 Hz) 440 
25 (2H. m). 3.89 (3H.s), 3.86 (3H,s). 1.41 (3H.m). 

Example 76(f): 6-Methoxy-1-methyl-2-trifluoromethyl-1 Wndole-3-carboxyllc acid 

°v-oh 

To a solution of 6-methoxy-l-methyl-2-trifluoromethyl-1 H-indole-3-carboxylic acid 
ethyl ester 76e (1.5 g. 4.98 mmole) in 10 ml THF and 5ml MeOH was added a solution of 
KOH (2.8 g. 50 mmole) in 5 ml water with ice bath cooling. The mixture was warmed to room 
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temperature and stirred overnight. Concentrated aqueous HCI solution was added to adjust 
the pH to 1. The mixture was extracted with EtOAc and the combined organic layer was dried 
over Na 2 S0 4 , filtered and concentrated. The residue was further purified by column 
chromatography (eluting with 1-5% MeOH in CH 2 CI 2 ) to give 880 mg product (65% yield). *H 
5 NMR (300 MHz, CD 3 OD)§ 7.90 (1H,d, J = 9.0 Hz), 7.01 (1H,d, J =2.1 Hz), 6.91 (1H,dd, J= 
2.1 , 9.0 Hz), 3.90 (3H, s) t 3.88 (3H f s). 

Example 76(g): 6-Methoxy-1-methyl-2-trif luoromethyl-1 H-indole-3-carboxylic acid 
methylamide 




This material was prepared from 6-methoxy-1-methyl-2-trif luoromethyl-1 W-indole-3- 
carboxylic acid 76f (880 mg, 3.22 mmole), oxalyl chloride (3 ml, 2.0M solution) and 
methylamine (5 ml, 2.0M solution) in a manner as previously described for example 16d to 
give 900 mg product as white solid (98% yield). *H NMR (300 MHz, CDCI 3 ) § 7.62 (1H t d, J= 
15 8.9 Hz), 6.88 (1H, dd, J= 2.1, 8.9 Hz), 6.73 (1H, d, J = 2.1 Hz), 5.80 (1H, bs), 3.88 (3H, s), 
3.79 (3H, s), 3.04 (3H, d, J = 4.9 Hz). 

Example 76(h): 6-Hydroxy-1-methyl-2-trifluoromethyl-1H-lndole-3-carboxyIic acid 
methylamide 




20 This material was prepared from 6-hydroxy-1-methyl-2-trifluoromethyl-1H-indole-3- 

carboxylic acid methylamide 76g (900 mg, 3.14 mmole) by treatment with BBr 3 in a manner 
as previously described for example 1d to give 780 mg product as white solid (89% yield). 1 H 
NMR (300 MHz, CD 3 OD) § 7.44 (1H, d, J= 8.7 Hz), 6.76-6.81 (2H, m), 3.77 (1H, s), 2.93 (3H, 
s). 

25 Example 76: 1-Methyl-6-[2-(1-methyM /f lmidazol-2-ylHhieno[3,2-d]pyrldin-7-yloxy]-2- 
trif luoromethyl-1 W-indoIe-3-carboxylfc acid methylamide 
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15 



20 



vnth, ZT ^ ^ ^ re3Cti0n * 7 - hloro - 2 -0-e.hy l -1H, f n i dazo..2- 

********* 1e with W^^ 2 ^ UM ^^^ 

ac,d methyiamide 76h and in a manner as piously described for example 1 >H 

NMR (300 MHz, DMSO-dg) 6 8.51 (1H, d. J = 5.5 Hz). 7.89 (1H. s), 7.78 (1H. s). 7 72 (1H d 

= B.e Hz,. 7.41 OH. s). 7,8 (1H. d. J, „ Hz,. 7.03 (1H. s, 6.66 (1H. d. = 5 4 Hz 399 

(3H. s,. 3.86 (3H. s). 2.81 (3H, s). LCMS (ESI +) [M+ Hyz Ca.c'd 486. found 486. 

>4/>a/. (CaHieFaNsOaS-l.aHaO) C, H, N. 

Examp.e 77: ^Azetidine-1-ca^^ 

benzofuran-3-carboxylicacidmethylamlde 

u 



This material was prepared by the reaction 2-{azetidin-1-ylcart,onyl,-7- 
Ch^ienof^jpyridine 25a (100 mg. 0.40 mmo.e, wrth 6-hydroxy-2-methy.benzofuran.3- 
carboxyic acid methytamide (1 00 mg. 0.49 mmo.e, and Cs^ (257 mg. 0.79 mmole) in a 
manner as previousiy described for example 1 to give 124mg (74%, of a tan so.id. <H NMR 
(DMSO^), ^ (1H> d> j = &fl H2)> ? 99 (1H d J m 4£ 7flg 

(2hTj 7T;? =20H2, ' 7 - 24(1H - dd - J= ^ 

C 623 ;"^ f0rC - H - N ^ S -^HaO: C. 62.03; H, 4.61; N, 9.86; S, 7.53. Found: 
C, 62.31; H, 4.65; N. 9.60; S. 7.34. 

Example 78(a): 1-Benzhydryl-3-methoxy-azetidine 




T °^c°'d solution o^^ 
25 ml) was added 60% dispersion NaH in minera. oil (0.25 g. 6.3 mmoie). After 30min at 0°C 
5ml more DMF was added along with methyl iodide (0.39 ml. 6.3 mmole). The ice bath , ' 



i was 
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removed, and the reaction was stirred at room temperature (rt). After 1.5hr, the reaction was 
poured into brine and extracted with Et 2 0 (2x). The combined organic layers were washed 
with brine, dried (MgS0 4 ) and concentrated under reduced pressure. The residue was flash 
chromatographed on silica gel eluting Hexanes/EtOAc (1:1) to give 919mg (92%) of a 
5 colorless oil which crystallized on standing. 1 H NMR (DMSO-d 6 ) .6 7.42 (4H, d, J = 7.3 Hz), 
7.27 (4H, t, J = 7.3 Hz), 7.13 (2H, t, J = 7.3 Hz), 4.39 (1H. s), 3.95 (1H, p, J = 5.8 Hz), 3.35 
(2H, t, J = 6.3 Hz), 3.11 (3H t s), 2.75 (2H, t, J = 5.6 Hz). 

Example 78(b): (7-Chloro-thienot3,2-b]pyridin-2-yl)-(3-methoxy-azetldin-1-yl)- 
methanone 



A 100 ml round bottom flask was charged with 1-benzhydryl-3-methoxy-azetidine 78a 
(447 mg, 1.77 mmole), 10%Pd/C (300 mg), trifluoroacetic acid (0.15 ml, 1-94 mmole) and 
EtOH (30 ml) and placed under 1 atm H 2 and vigorously stirred at rt. After 2hr, the catalyst 
was removed and washed with MeOH. The filtrate was concentrated under reduced pressure 

15 to give the crude azetidine which was dissolved in CH 2 CI 2 . To this solution were added 
triethylamine (0.6 ml, 4.41 mmole) and 7-chloro-thieno[3,2-b]pyridine-2-carbonyl chloride, 
prepared as previously described in example 25a. After stirring at ambient temperature 
overnight, the reaction mixture was diluted with more CH 2 CI 2 , then washed sequentially with 
0.5N HCI, satd. NaHC0 3 (aq), and brine. The organic layer was dried (MgS0 4 ) and 

20 concentrated to near dryness under reduced pressure, then triturated with hexanes to give 
278 mg (56%) of the desired product as a light yellow solid. 1 H NMR (DMSO-d a ) .6 8.73(1 H, 
d, J = 5.1 Hz), 8.00 (1H, s). 7.70 (1H, d, J = 5.1 Hz), 4.77 (1H, m), 4.49 (1H, m), 4.31 (2H, m), 
3.90 (1 H, m), 3.24 (3H, s). APCI m/z 283/285 (M + H)*. 

Example 78: Methoxy-azetidine-1-carbonyl)-thieno[3,2-b]pyrldin-7-yloxy]-2-methyl- 
25 benzofuran-3-carboxylic acid methylamfde 



10 



ci 




MeO 



o 
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This materia! was prepared by the reaction of (7-Chloro-thieno[3,2-b]pyridin-2-yl)-(3- 
methoxy-azetidin«1-yl)-methanone 78b (241 mg t 0.85 mmole) with 6-hydroxy-2- 
methyfbenzo[b]furan-3-carboxylic acid methyfamide 12c (210 mg. 1 .02 mmole) and CS2CO3 
(833 mg, 2.56 mmole) in a manner as previously describedin example 1 to give 298 mg (77%) 
5 of a yellow solid. *H NMR (DMSO-de) 6 8.57 (1H, d, J = 5.3 Hz), 7.99 (1H f d, J = 4.7 Hz), 
7.94 (1H, s), 7.82 (1H, d, J = 8.5 Hz), 7.66 (1H, d, J = 2.3 Hz), 7.24 (1H, dd, J = 8.5, 2.3 Hz), 
6.72 (1H, d, J = 5.5 Hz), 4.76 (1H, m), 4.47 (1H, m), 4.30 (2H, m), 3.90 (1H, m), 3.25 (3H, s), 
2.82 (3H, d, J = 4.5 Hz), 2.63 (3H, s). 

Anal. Calcd for C^H^NaOsS^ H 2 0: C, 60.22; H; 4.79; N, 9.16; S, 6.99. Found: 
10 C, 60.33; H, 4.78; N, 9.13; S, 6.79. 

Example 79: 6-<2-[<S)-2-(methoxymethyl)pyrrolM 
yloxy)-2-methyl-benzofuran-3-carboxylic acid methyl amide 




This material was prepared by the reaction of 7-chloro-2-[(R)-2- 
15 methoxymethylpyrrofidine-1 -carbonyl]thieno[3,2-b]pyridine 2a with 6-Hydroxy-2-methyl- 
benzofuran-3-carboxylic acid methyl amide 12c and CS2CO3 in a manner as previously 
described for example 1 . *H NMR (DMSO-d 6 ) 5 8.57 (1 H,d, J = 5.3 Hz), 8.02 (1 H, s), 7.98 
(1H, m), 7.83 (1 H, d, J = 8.6 Hz), 7.66 (1 H, d, J = 2.0 Hz), 7.25 (1H, dd, J = 8.6, 2.0 Hz), 6.72 
(1 H, d, J = 5.3 Hz). 4.31 (1 H,m), 3.94-3.80 (2H, m), 3.60-3.39 (2H, m), 3.28 (3H, s), 2.82 (3H, 
20 d, J = 4.6 Hz), 2.63 (3H, s), 2.06-1 .85 (4H,m). 

AnaL Calcd for C2 5 H25N3O 5 S»0.6H 2 O» 0.2 Hexanes: C, 61 .99; H, 5.76; N, 8.28; S, 
6.32. Found: C, 61.94; H, 5.74; N, 8.12; S, 6.32. 

Example 80: 6-(2-[(S)-2-{hydroxymethyl)pyrrolidine-1-carbonyl]thieno[3 l 2- 
b]pyridin-7-yloxy)-2-methyl-benzofurarv3-carboxylic acid Diethylamide 
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This material was prepared from 2-methyl-6-[2-(2-methoxymethyl-pyrroIidine-1 - 
carbonyl)-thieno[3,2 : b]pyridin-7-yloxy]-benzofuran-3-carboxylic add methylamide 79 by 
treatment with BBr 3 in a manner as previously described for example 1d. 1 H NMR 
5 (DMSO-d 6 ) 8 8.56 (1H, d, J = 5.1 Hz), 8.00-7.98 (2H, m), 7.83 (1H, d, J = 8.6 Hz), 7.66 
(1H, d, J = 2.0 Hz), 7.25 (1H, dd, J = 8.6, 2.0 Hz), 6.73 (1H, d, J = 5.1 Hz), 4.81 (1H, m), 
4.18 (1H, m), 3.91-3.32 (4H, m), 2.81 (3H, d, J = 4.5 Hz), 2.63 (3H, s), 2.05-1.83 (4H, m). 

Anal. Calcd for Cz^NaOsS^ 2 H z O 0.2 EtOAc: C, 57.37; H, 5.55; N, 8.09; S, 
6.18. Found: C, 57.15; H, 5.24; N, 7.71; S, 6.01. 
1 0 Example 81 : 6-[2-(4-Hydroxy met hyl-t hiazol-2-y l)-thieno[3,2-b]pyridin-7-y loxy]-2- 

methyl-benzofuran-3-carboxylic acid methylamide 

o 



This material was prepared by the reaction of [2-(7-Chloro-thieno[3,2-b]pyridin-2-yl)- 
15 thiazol-4-y1]-methanol with 6-hydroxy-2-methyl-benzofuran-3-carboxylic acid methyl amide 
12c and Cs 2 C0 3 in a manner as previously described for example 1 . 1 H NMR (DMSO-d 6 ) 6 
8.55 (1H, d, J = 5.6 Hz), 8.16 (1H, s), 7.98 (1H, m), 7.84 (1H, d, J = 8.6 Hz), 7.67 (1H, d, J = 
2.0 Hz), 7.63 (1H, s), 7.26 (1H, dd, J = 8.6, 2.0 Hz), 6.73 (1 H, d, J = 5.6 Hz), 5.43 (1H, m), 
4.61 (2H,s), 2.82 (3H, d, J = 4.6 Hz) , 2.64 (3H, s). 
20 Anal. Calcd for C 22 H 17 N 3 04S 2 • 0.6 H 2 0: C. 57.15; H, 3.97; N, 9.09; S, 13.87. Found: 

C, 57.13; H, 4.07; N, 8.95; S, 13.87. 

Example 82(a): 6-Methoxy-2-methyl-benzofuran-3-carboxylic acid isopropyl 

amide 
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This material was prepared from 6-methoxy-2-methylbenzofuran 12a (500mg, 
3.1 mmole) by acylation with oxalyl chloride in the presence of AICI 3 , followed by treatment 
with isopropytamine in a manner as previously described for example 1c to give 540mg (71%) 
5 of an off-white solid. ! H NMR (DMSO-cfe) 5 7.80 (1H, d, J = 7.8 Hz), 7.50 (1H, d, J = 8.6 Hz), 
7.14 (1 H, d, J = 2.2 Hz), 6.89 (1 H, dd, J = 8.6, 2.2 Hz), 4.09 (1 H, m), 3.76 (3H, s), 2.56 (3H, 
s), 1.16 (6H,d, J = 6.6 Hz). 

Anal. Calcd for C l4 H 17 N0 3 : C, 67.99; H, 6.93; N, 5.66. Found: C, 67.86; H, 6.87; N, 

5.60. 

10 Example 82(b): 6-Hydroxy-2-methy|.benzofuran-3-carboxylic acid isopropyl amide 




This material was prepared from 6-methoxy-2-methylbenzofuran-3-carboxylic acid 
isopropylamide 82a (507mg, 2.05mmole) by treatment with BBr 3 in a manner as previously 
described for example 1d to give 425mg (89%) of It tan solid. *H NMR (DMSO-d 6 ) § 9.54 
(1H f s), 7.71 (1H, d, J = 8.1 Hz), 7.38 (1H. d, J = 8.6 Hz), 6.87 (1H, s), 6.70 (1H, d, J = 8.6 
Hz), 4.07 (1 H, m), 2.51 (3H, s), 1 .1 7 (6H, d, J = 6.8 Hz). 

Anal Calcd for C 13 H 15 N(V 0.1 MeOH: C, 66.54; H, 6.56; N, 5.92. Found: C, 
66.38; H, 6.48; N, 5.93. 
Example 82; 6-(2-[(S)-2-(methoxymethtf^ 
7-yloxy)-2-methyl-benzofuran-3-carboxylic acid isopropylamide 




This material was prepared by the reaction of 7-chloro-2-[(S)-2- 
25 (methoxymethyl)pyrrolidine-1-carbony1]thieno[3,2-b]pyridine 2a (1 33 mg, 0.43 mmole) 6- 
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hydroxy-2-methyl-benzofuran-3-carboxylic acid isopropy amide 82b (120 mg, 0.51 
mmole) and Cs 2 C0 3 (279mg, 0.86 mmole) in a manner as previously described to give 
1 50 mg (69%) of an off-white brittle foam. 1 H NMR (DMSO-d6): 5 8.56 (1 H, d, J = 5.3 
Hz), 8.03 (1H, s), 7.96 (1H, d, J = 8.1 Hz), 7.75 (1H, d, J = 8.3 Hz), 7.65 (1H, d, J = 
5 2.3Hz), 7.24 (1H, dd, J = 8.6, 2.3 Hz) t 6.72 (1H, d, J = 5.3 Hz), 4.30 (1H, m), 4.12 (1H, 
m), 3.85 (2H, m), 3.56 (1H, m), 3.42 (1H, m) f 3.25 (3H, s), 2.59 (3H, s) f 2.08-1.81 (4H, m), 
1 .20 (6H, d, J = 6.6 Hz). Anal. Calcd for C 27 H 29 N 3 O s S- 0.3 EtOAc: C, 63.42; H, 5.93; N, 
7.87; S, 6.00. Found: C t 63.20; H, 5.90; N, 7.85; S. 6.03. 

Example 83: 2-Methyl-6-[2-{1-methyl-1 H-imidazol^-ylHhienop^-blpyridin^.yloxy]- 
10 benzofuran-3-carboxylic acid isopropyl amide 




This material was prepared by the reaction of 7-chloro-2-(1 -methyl- 1 H-imidazol-2- 
15 yl)thieno[3,2-b]pyridine 1e (89mg, 0.36mmole) with 6-hydroxy-2-methylbenzo[b]furan-3- 

carboxylic acid isopropylamide 82a (100mg, 0.43mmole) and CS2CO3 (233mg, 0.72mmole) in 
a manner as previously described for example 1 to give a 37% yield of a light yellow solid. 
J H NMR (DMSO-d©) 5 8.51 (1H, d, J = 5.3 Hz), 7.97 (1H, d, J = 7.8 Hz), 7.88 (1H, s), 7.74 
(1 H, d, J = 8.6 Hz), 7.65 (1 H, d, J = 2.3 Hz), 7.40 (1 H, s), 7.24 (1 H, dd, J = 8.3, 2.0 Hz), 7.01 
20 (1 H, s), 6.65 (1H, d, J = 5.6 Hz), 4.12 (1H, m), 3.98 (3H, s), 2.60 (3H, s), 1 .20 (6H,d, J = 6.6 
Hz). 

Anal. Calcd for Cz^N^S^O^ EtOAc: C, 63.04; H, 5.60; N, 10.66; S, 6.10. Found: 
C, 62.85; H, 5.52; N, 10.76; S, 6.24. 

Example 84(a): 6-Methoxy-2-methyl-benzofuran-3-carboxyllc acid isobutyl-amide 




This material was prepared from 6-methoxy-2-methyibenzofuran 12a (500 mg, 3.1 
mmole) by acylation with oxalyl chloride in the presence of AICI3, followed by treatment with 
isobutylamine in a manner as previously described for example 1c to give 585 mg (73%) of 
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an off-white solid, 'h NMR (DMSO-d fi ) 8 7 <k #iu . . 

M5(1K d. J = 2 . 3 Hz, 6 9 (1H I dd^J I o = " 7 °* * J = 8 6 «* 

i-OK^wim^S J=8 - 6 ' 2 - 3H2, ' a76(3H - s, - 307 ^-).^ ( 3H,,, 

5 ^/.CcdforC^ C.e8. 9 ,H.,33 :N(S ,, Found: C.68,5;H.,27; N . . 

Example 84(b): ^Mydroxy^-niethyl-benzofuran-a-carboxytic acid isobutyl amide 



10 



15 



Q 



HO 




W. 'H NMR (CMsi, I " ' T" " """""" * 

■ok * "4 oh. «. j?. ™ « ?£T ' J " " "* 744 (,H - 4 J " " «• 



20 



25 



amide 84b and Cs»CO ln am ^'"'^^^"^n-S-carboxylic acid isobutyl 

* J = 5.6 Hz), 3.97 (3H s) 3 23^ i * ^ ^ * 6 7 ° 04 "* 6 67 OH 

4 J = 6.6 Hz). ( H * * ' = 6 6 2 66 (3H - *>• (IHm), 0.98 (6H. 

/tna/.CalcdforC 2S H 24 N 4 O 3 S.0.3H 2 O: C 84 44-H 532 M ««, . 
Found: C. 64.40; H, 5.38; N. 11.76- S 672 64.44, H, 5.32, N, 12.02; S, 6.88. 
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This material was prepared by the reaction of 7-chloro-2-[(R)-2- 
methoxymethylpyrrolidine-1 -carbony1]thieno[3,2-b]pyridine. 2a with 6-hydroxy-2-methyl- 
benzofuran-3-carboxylic acid isobutyl amide 84b and Cs 2 C0 3 in a manner as previously 

5 described for example 1 . *H NMR (CD 3 CN) 5 8.53 (1 H t d, J = 5.3 Hz), 7.87 (1 H, s), 7.82 (1 H, 
d, J = 8.5 Hz), 7.41 (1 H, d, J = 1 .9 Hz), 7.20 (1 H, dd, J = 8.5, 1 .9 Hz), 6.70 (1 H, d, J = 5.5 Hz), 
4.38 (1H, m), 3.85 (2H, m), 3.65-3.41 (2H, m), 3.32 (3H, s), 3.23 (2H, t, J = 6.4 Hz), 2.65 (3H, 
s), 2.15-1 .94 (4H,m, partially obscured by CD 3 CN), 1 .73 (1 H, m),. 

Anal. Calcd for C2 8 H 31 N 3 O 5 S»0.2H 2 O: C, 64.03; H, 6.03; N, 8.00; S, 6.10. Found: C, 

10 64.02; H, 6.11; N, 7.79; S, 5.89. 

Example 86: 2-Methyl-6-[2-(2-hydroxymethyl-pyrrolidine-1-carbonylHhieno[3 f 2- 
b]pyridin-7-yloxy]-benzofuran-3-carboxylic acid isobutyl amide 




This material was prepared from 2-methyl-6-[2-(2-methoxymethyt-pyrrolidine-1 - 
15 carbonyt)-thieno[3,2-b]pyridin-7-yloxy]-benzofuran-3-carboxytic acid isobutyl amide 85 by 
treatment with BBr 3 in a manner as previously described for example 1 d. 1 H NMR 
(CD 3 CN) 8 8.52 (1H, d, J = 5.5 Hz), 7.89 (1H, s). 7.81 (1H, d, J = 8.5 Hz), 7.42 (1H, d, J = 
2.1 Hz), 7.20(1H,dd, J = 8.5, 2.1 Hz), 6.78 (1H, m), 6.71 (1H, d, J = 5.3 Hz), 4.29 (1H, 
m), 3.94 - 3.63 (4H, m), 3.22 (2H, t, J = 6.4 Hz), 2.65 (3H, s), 2.22-1 .95 (4H, m), 0.98 
20 (6H, d, J = 6.8 Hz). 

Anal. Calcd for C27H29N3O5S: C, 63.89; H, 5.76; N, 8.28; S, 6.32. Found: C, 
63.56; H, 5.95; N, 8.01 ; S, 6.07. 

Example 87: 6-[2-(3-Methoxy-pyrrol!dine-1-carbonylHhieno[3^-b]pyridin-7-yloxy]-2- 
methyl-benzofuran-3-carboxylic acid isobutyl amide 
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Th>s material was prepared by the reaction of 7-chloro-2-[(R)^ m ethoxypyrrolidine-1- 
carbonyljthienop^blpyrfdine 4b with 6-hydroxy-2-methyl-benzofuran-3-ca*oxyiic acid 
.sobutyl amide 83b and C^COa in a manner as previously described for example 1 'h NMR 

5 (CD3CN)88.53(1H.d.J = 5.5H 2 ).7.88(tH,d.J = 3.0Hz),7.82(1H,d,J = 85H 2 ) 741 
(1H. d, J = 2.3 Hz), 7.20 (1H. dd. J = 8.5. 2.3Hz). 6.70 (2H. d, J = 5.5 Hz), 4.10-3.83 <3H m) 
3.73-3^58 (2H. m). 3.33. 3.29 (3H. 2s). 3.23 (2H. U = 6.8 Hz). 2.85 (3H. s). 2.10-1.95 (2H.m). 
0.98 (6H. d, J = 6.6 Hz). 

Anal. Calcd for C 87 H 29 N3 2 O s S: C, 63.89; H, 5.76; N, 8.28; S. 6.32. Found C 63 83- 
10 H, 5.95; N, 8.08; S. 6.10. ' ^ 

Exampie 88: Z-Methyl-e-p^hydro^^ 
7-yloxy]-benzofuran-3-carboxylic acid fsobutyl amide 

° h; 

JH \ 



P 



OS- 



HO-O 

This material was prepared from 2-methy|.^2-(3-methoxy-pyrrolidine-1-carbbnyl)- 
th l eno[3.2.b)pyridin-7-yloxy^enzofuran-3^arboxylic acid isobutyl amide 87 by treatment with 
BBr 3 in a manner as previously described for 1d. *H NMR (CDsCN/DMSO-dg) 5 8 55 (1H d J 
= 5.6 Hz). 7.94. 7.88 (1 H. 2s). 7.81 <1H, d. J = 8.5 Hz). 7.46 (1 H, d. J = 2.1 Hz). 7.38 (1 H m") 
7.20 (1H. dd. J = 8.5. 2.1 Hz), 6.76 (1H, d. J = 5.7 Hz). 4.39 (1H. m). 3.94 (1H m) 3 74 
3.51 (3H. m). 3.18 (2H. t. J = 6.5 Hz), 2.63 (3H. s). 2.07-1.86 (2H. m. partially obscured by 
20 CD 3 CN),0.96(6H,d.J = 6.6Hz). 

Anal. Calcd for C^N^S.O.S CHjCfe: C, 59.37; H, 5.27; N. 7.84; S. 5.96 Found- 
C, 59.42; H, 5.44; N. 7.86; S. 5.99. 

Example 89(a): 6-Hydroxy-2-methylbenzofuran 
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This material was prepared from 6-methoxy-2-methylbenzofuran (1.00 g, 6.17 
mmole) by treatment with BBr 3 in a manner as previously described for 1d to give a colorless 
oil (690mg, 75%) which solidified on standing. 

1 H NMR (DMSO-d 6 ) 5 9.32 (1 H, s), 7.23 (1 H, d, J = 8.3 Hz), 6.80 (1 H t s), 6.64 (1 H, d, J = 8.3 
Hz), 6.37 (1H,s), 2.35 (3H, s). 

4na/. Calcd for C 9 H 8 0 2 : C, 72.96; H, 5.44. Found: C, 72.72; H, 5.43. 
Example 89(b): 6-Acetoxy-2-methylbenzofuran 



10 This material was prepared from 6-hydroxy-2-methylbenzofuran (654mg, 4.41 mmole) 

by treatment with acetyl chloride (0.41 ml, 5.74mmole) and triethylamine (0.74ml, 5.30mmo!e) 
in a manner as previously described for 8b to give the desired product as an oil (850mg, - 
quant). *H NMR (CDCI 3 ) 87.41 (1H, d, J = 8.3 Hz), 7.13 (1H, s), 6.88 (1H, dd, J =8.3, 1.9 
Hz), 6.32 (1 H, s), 2.42 (3H, s), 2.30 (3H, s). 
^ 15 Anal. Calcd for CnH 10 O3: C, 69.46; H, 5.30. Found: C, 69.02; H, 5.44. 

Example 89(c): Methyl 6-Hydroxy-2-methylbenzofuran-3-carboxylate 

-och 3 



This material was prepared from 6-acetoxy-2-methylbenzofuran 89b (0.81 g,. 
4.3mmole) by acylation with oxalyl chloride in the presence of AICI 3 , followed by treatment 
20 with methanol and K 2 C0 3 in a manner as previously described for example 1 1a to give a 
beige solid (607mg, 69%). 1 H NMR (DMSO-d 6 ) .5 9.64 (1 H, s), 7.62 (1 H, d, J = 8.5 Hz), 6.93 
(1H, d, J = 1.9 Hz). 6.78 (1H, dd, J = 8.5, 2.0 Hz), 3.79 (3H, s), 2.66 (3H, s). 

Anal. Calcd for C,iH 10 O 4 : C, 64.07; H, 4.89. Found: C, 64.06; H, 4.89. 
Example 89(d): Methyl e-ta^a-methoxypyrrolidine-l-carbonylHhienop^-blpyridin-?- 
25 yloxy]-2-methyl-benzofuran-3-carboxylate 
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OCH 3 




This materiai was prepared by the reaction of 7-<*loro-2-[(R)-3- 

5 4b <707mg. 2.38 mmole) with methyl 

^f7- 2 - me *^ofuran^ 

3.10g. 9.53mmo. e , in a manner as previously described for example to give 650mg 
(58%, of an off-white solid. ' H NMR (DMSO-d.) 5 8.57 <1H.d. J= 5.3 Hz). 8.07 (1H s) 

d. J-M^^O^W^^*.^^^^ ' 
10 Hz). 2.77 (3H,s), 2.15-1.95 (2H,m). 

^a/.Ca l cdforC 24 H 22 N 2 O 6 S.0.2H 2 O: C. 61.31; H, 4.80; N, 5.96; S 682 
Found: C. 6151; H, 4.99; N. 5.90; S. 6.68 

2-methyl-benzof uran-3-carboxylic acid 



MeO 



rO 




To a strred solution of methyl 6-[2-(3.methoxypy TO .^ 2 . 

THF/MeOH/MeOH (6ml. 1:1:1) was added lithium hydroxide monohydrate (54mg 

1 f mmote ) W ^theesterdisap P earedbyt W nlayerchromatography(t^ 

solvents removed under reduced pressure, and the aqueous residue was neut ra ,ized with 2N 

HCI. The white solid which precipitated was collected by filtration and dried under vacuum to 

g.vethedesiredacid(411mg.83%). 'H NMR (DMSO-d 6 ) 5 13.02 (1H, bs), 8.57 (1H d j- 

.25 *^ 
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Example 89: 6-[2-{3-Methoxypyrrolidine-1-carbonyl)-thieno[3,2-b]pyridin-7-yloxy]-2« 
methyl-benzofuran-3- carboxylic acid cyclopropylamide 



This material was prepared from 6-[2-(3-methoxypyrrolidine-1-carbonyl)-thieno[3,2- 
b]pyridin-7-yioxy]-2-methyl-benzofuran-3-carboxylic acid 89e (37mg, 0.08mmole) by 
treatment with oxalyl chloride (15 pi, 0.17mmole) and cyclopropylamine (56 pl t 0.81mmole) in 
a manner as previously described for example 16d to give a white solid (13mg, 33%). 1 H 
NMR (DMSO-d 6 ) 5 8.57 (1H, d, J = 5.1 Hz) ( 8.19 (1H,s), 8.06 (1H, bs), 7.74 (1H, d, J = 6.1 
Hz), 7.65 (1 H, s), 7.24 (1 H, d, J = 6.1 Hz), 6.71 (1 H, d, J = 1 .8 Hz), 4.10 - 3.80 (3H, m), 3.70 - 
3.35 (2H, m), 3.25 (3H, d, J = 13.1 Hz), 2.86 (1H, m), 2.59 (3H, s), 2.25-1.95 (2H, m), 0.71 
(2H, m),0.60 (2H, m). 

Anal. Calcd for CaeHzsNaOjS^O.I Hexanes: C, 63.87; H, 5.32; N, 8.40; S, 6.41. 
Found: C, 63.61; H, 5.51; N, 8.31; S, 6.23. 

Example 90: 6-[2-(3-Methoxy-pyrrolidine-1-carbonyl)-thieno[3,2-b]pyrldln-7-yloxy]-2- 
methyl-benzof uran-3-carboxylic acid (2-morpholin-4-yl-ethyl)-amide 



This material was prepared from 6-[2-(3-methoxypyrrolidine-1-carbonyl)-thieno[3,2- 
b]pyridin-7-yloxy]-2-methyl-benzofuran-3-carboxylic acid 89e by treatment with oxalyl chloride 
and 2-(morpholin-4-yl)ethylamine in a manner as previously described for example 16d. 1 H 
NMR (DMSO-de) 58.57 (1H, d t J » 5.1 Hz), 8.06 (1H t s), 7.97 (1H, bs), 7.83 (1H, d, J = 8.6 
Hz), 7.66 (1H, s), 7.27 (1H, d, J = 8.3 Hz). 6.71 (1H, d, J = 5.3 Hz), 4.20 - 3.95 (4H, m), 3.70 - 
3.35 (10H, m), 3.25 (3H, d, J = 12.6 Hz), 2.64 (3H, s), 2.41 (3H, s). 2.06 (2H, m). 
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methy..benrofuran-3-carboxyHcacidcyclopropy.methy^mide 



10 



15 



20 



>-NH 



« • M K « 3.70 - 3.50 K * a 26 ,3H. J . „ *, 5 £ ' * 
MZJ. 

S 601 ^^ fW ^ N ^ 2 ^^^ C, 63.47; H, 5.86; N, 8.87; 
S. 6.01. Found: C. 63.54; H, 5.88; N, 7.74; S, 5 91 

Examp te 92: e-p^Methoxy-pyrrcHdine-^arbony.Hh 

methyl-benzofuran-S^arboxyllc acid propyl amide - 



MeO' 



JO 



q 



0 v 

>-NH 



This material was prepared from e-ia-O-methoxypyrolidine-l^arbonyl,. 
cm chlonde and 1-aminopropane in a manner as previously described for example 
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16d. 1 H NMR (DMSO-d 6 ) 8 8.57 (1H, dd, J = 5.6, 1.3 Hz), 8.09 (1H, m), 8.06 (1H,s), 
7.79 (1 H, d, J = 8.6 Hz), 7.66 (1 H, d, J = 2.0 Hz), 7.26 (1 H, dd, J = 8.6, 2.0 Hz), 6.72 (1 H, 
d, J = 5.6 Hz), 4.08 - 3.82 (3H, m), 3.70 - 3.44 (2H, m), 3.27-3.22 (5H, m), 2.62 (3H, s), 
2.15-1.92 (2H, m), 1.56-1.54 (2H, m), 0.92 (3H, t, J = 7.3 Hz). 

Anal. Calcd for C 2 eH27N 3 0 5 S* 0.7 H 2 O0.3 MTBE: C, 62.01 ; H, 6.06; N, 7.89; S, 
6.02. Found: C, 61.82; H, 6.07; N, 7.87; S, 5.97. 

Example 93: 6-[2-(3-Methoxy-pyrrolidine-1-carbonyl)-thieno[3^-b]pyridin-7-yloxy]-2- 
methyl-benzofuran-3-carboxylic acid 2-hydroxyethyl amide 



This material was prepared from 6-[2-(3-methoxypyrrolidine-1-carbonyl)- 
thieno[3,2-b]pyridin-7-yloxy]-2-methyl-benzofuran-3-carboxylic acid 89e by treatment with 
oxalyl chloride and 2-aminoethano! in a manner as previously described for example 16d 
1 H NMR (DMSO-d 6 ) 5 8.57 (1 H, d, J = 5.6Hz), 8.06 (1 H,s), 8.00 (1 H, t, J = 5.3 Hz), 7.82 
(1H, d, J = 8.6 Hz), 7.66 (1H, d, J = 2.3 Hz), 7.26 (1H, dd, J = 8.3, 2.3 Hz), 6.72 (1H, d, J 
= 5.3 Hz), 4.76(1H, m), 4.10 - 3.82 (3H, m), 3.67 - 3.59 (2H, m), 3.55 (2H, t, J = 6.1 Hz), 
3.37 (2H, t, J = 6.1 Hz), 3.27, 3.24 (3H, 2s), 2.63 (3H, s), 2.06 (2H, m). 
Example 94: 2-Ethyl-6-[2-(1 -methyl-1 H-imidazol-2-y l)-thieno[3,2-b]pyridin-7-yloxy]- 
benzofuran-3-carboxylic acid methylamide 



This material was prepared by the reaction of 7-chloro-2-(1-methyl-1 H-imidazol- 
2-yl)thieno[3,2-b]pyridine 1e (114 mg, 0.46 mmole) with 6-hydroxy-2-ethylbenzofuran-3- 
carboxylic acid methylamide 14c (120 mg, 0.55 mmole) and Cs 2 C0 3 (594 mg, 1.82 
mmole) in a manner as previously described for example 1 to give 60 mg (30%) of a tan 
solid. 1 H NMR (DMSO-d 6 ) 5 8.49 (1 H ,d, J = 5.6 Hz), 8.00 (1 H, d, J = 4.6 Hz), 7.89 (1 H, 
s), 7.82 (1 H, d, J = 8.6 Hz), 7.67 (1 H, s), 7.41 (1 H, s), 7.26 (1 H, d, J = 8.6 Hz), 7.03 (1 H, 
s), 6.68 (1 H, d, J = 5.6 Hz), 3.99 (3H, s), 3.04 (2H, q, J = 7.6 Hz), 2.81 (3H, d. J = 4.6 Hz), 
1.28 (3H, t, J = 7.3 Hz). 




q 
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^a/.Calcdfor C »H 2 oN 4 03S.0.1 Hexanes -0.3 H 2 0: C, 63.48; H. 4.97- N 
12.55; S, 7.18. Found: C, 63.40; H, 5.07; N. 12.28- S 7 15 

yloxy]-benzofuran-3-carboxylic acid methylamide 

\ ' 



/—nn 



^013,2^^0^^^^ acjd methy|amide ^ fay 
wrthBBr 3 ,n a manner as previously described for 1d. 'H NMR (DMSO-d 6 ) S 8 56 (1H d 

Ih^ 

- 2.0 Hz). 7.25 (1 H, dd. J = 8.6. 2.0 Hz). 6.73 (1 H, d. J = 5.3 Hz). 5.07 (1 H t J - 3 5 Hzl 
4.35 (1 H. m). 3.97 (1 H. m). 3.86 - 3.46 (3H. m), 3.03 (2H. q . J = 7 6 Hz 2 80 (3H d J 
4.5 Hz). 2.10-1.80 (2H.m). 1.27 (3H.t. J = 7.6 Hz). 6 "*). 2.80 (3H, d, J = 

/na/.Calcdfor^aNaOsS.O.SH.O: C. 60.74; H. 5.10; N. 8.86; S. 6 76 
Found: C. 60.79; H, 5.24; N, 8.61; S. 6.69. 

bJpyr.din-7-yloxy)- benajfuran-S^arboxylic acid methyl amide 



P. / 

NH 





This material was prepared by the reaction of 7-chloro-2-[(R)-2- 
memox y methylpyrrolidine-1-carbony.]thieno[3.2-b] P yridine 2a with 6-hydroxy-2- 
20 ethylbenzofuran-3-carboxy.ic acid methyl amide 14c and Cs 2 C0 3 in a manner as previously 

(1H d. J = 8 .6 Hz). 7.67 <1H. d. J = 2.1 Hz). 7.25 (1H. dd. J = 8.7. 2.1 Hz). 6.73 (1H d J- 
5.5 HZ) 4.31 (1H. m). 3.92-3.77 (2H. m). 3.58-3.45 (2H. m). 3.27 (3H. s). 3.04 (2H. qJs " 75 
HZ). 2.82 (3H.d. J = 4.5 Hz). 2.06-1.85 (4H.m). 1.26 (3H. 1.J = 7.5 Hz) 
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Anal. Calcd for QjeH^NaOgS-O^HgO* 0.2 MTBE C, 62.34; H, 5.89; N t 8.08; S, 6.16. 
Found: C, 62.38; H, 5.86; N, 7.97; S, 6.15. 

Example 97: 2-ethyl-6-(2-[(S)-2-(hydroxymethyl)pyrrolidine-1-carbonyl]thieno[3,2- 
b]pyridin-7-yloxy)- benzofuran-3-carboxylic acid methytamlde 

5 




This material was prepared from 2-ethyl-6-[2-(2-methoxymethyl-pyrroHdine-1- 
carbonyl)-thieno[3 f 2-b]pyridin-7-yloxy]-benzofuran-3-carboxylic acid methylamide 95 by 
treatment with BBr 3 in a manner as previously described for 1d. ! H NMR (DMSO-d 6 ) 8 
10 8.56 (1 H, d, J = 5.3 Hz), 8.01 (2H, m), 7.82 (1 H, d, J = 8.6 Hz), 7.68 (1 H, s), 7.25 (1 H t dd, 
J = 8.3, 2.0 Hz), 6.73 (1H, d, J = 5.1 Hz), 4.82 (1 H, m), 4.20 (1H, m), 3.92-3.47 (4H, m), 
3.04 (2H, q, J = 7.6 Hz), 2.81 (3H, d, J = 4.5 Hz), 2.08-1.83 (4H, m) f 1.26 (3H, t, J = 7.6 
Hz). 

Ana!. Calcd for CssHgsNaOsS* 1 H 2 0: C, 60.35; H, 5.47; N, 8.45; S, 6.44. Found: 
15 C, 60.59; H, 5.47; N, 8.28; S, 6.20. 

Example 98: 6-[2-(Azetidlne-1-carbonylHhleno[3,2-b]pyridin-7-yloxy]-2-ethyl- 
benzofuran-3-carboxylic acid methylamide 




This material was prepared by the reaction of 2-(azetidin-1 -ylcarbonyl)-7- 
20 chlorothieno[3,2-b]pyridine 25a with 6-hydroxy-2-ethylbenzofuran-3-carboxyfic acid methyl 
amide 14c and Cs 2 C0 3 in a manner as previously described for example 1 . *H NMR 
(DMSO-d 6 ) 8 8.56 (1 H, d, J = 5.6 Hz), 7.99 (1 H. m), 7.89 (1 H, s), 7.82 (1 H, d, J = 8.6 Hz), 
7.67 (1 H, d, J = 2.0 Hz), 7.25 (1 H, dd, J = 8.6, 2.3 Hz), 6.72 (1 H, d, J = 5.3 Hz), 4.62 (2H, t, J 
= 7.8 Hz), 4.1 1 (2H, t, J = 7.8 Hz), 3.04 (2H, q, J = 7.6 Hz), 2.81 (3H, d, J = 4.6Hz), 2.35 (2H, 
25 p, J = 7.7 Hz), 1.26 (3H,t, J = 7.6 Hz). 
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62.66, H, 4.84; N, 9.47; S. 7.52. 

ZT » ^' en °< 3 ' 2 ^ add 
meinyi amide 



5 



20 



Tte maferta, »a 5 prapa-ea by«a rcacion of r < Wora«la„o[3. 2 *| wrta1re «, 

■nannaraa^vioa^daacnbaatore^p,,,. 'H NMR (CD.CN) $ 8.48 (1H d J-sa 
HZ 74,, „„. „. , . 5,6 M* 7.84 „H, „. J . 8.8 Hz,. 7*. „„. „, j . „ J£ " £ 

(3H, d, J = 4.6 Hz) 2.66 (3H, s). 
Exam ple 100( a,: Methyl 
car boxy late 




0. 

OCH 3 



math* ^ ^ PrePar6d ^ ^ reaCb '° n ° f ^'^no^-blpyndine with 

methyl 6-hydroxy- 2 . methyfbe n Z of U ran-3-carboxy.ate 89c and CS2 C0 3 in a manner as 

r™Tr' ,HNMR(CDCW68 - 48 ^- d - J = ^H 2 ). 7 . 99(1H . d . J = 8.3 
Hz). 7.74 (1 H. d. J = 5.6 Hz). 7.56 (1 H, d. J = 5.3 Hz). 7.29 (1 H d. J = 2.0 Hz) 7 16 (1 H 
dd. J = 8.6. 2.3 Hz), 6.53 (1 H, d. J = 5.3 Hz). 3.96 (3H. s). 2.79 (3H s) ' 
Exampte 100: 2-<^ hy .*t,h^^^ ^ 
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This material was prepared from methyl 2-methyl-6-[thieno[3,2-b]pyridin-7- 
yloxy]benzofuran-3-carboxylate 100a in a manner as previously described for example 89e. 
5 *H NMR (DMSO-de) 8 12.95 (1H, bs), 8.50 (1H, d, J = 5.3 Hz), 8.15 (1H, d, J = 5.5 Hz), 7.97 
(1H, d, J = 8.3 Hz), 7.69 (1H, d, J = 2.1 Hz). 7.59 (1H, d, J = 5.5 Hz), 7.26 (1H, dd, J = 8.5, 
2.1 Hz), 6.64 (1 H, d, J = 5.5 Hz), 2.74 (3H, s). 

Example 101: 2-Methyl-6-[thleno[3,2-b]pyridln-7-yloxy]benzofuran-3-carbonyl chloride 

o v 

.vq 10 To a stirred suspension of 2-methyl-6-[thieno[3,2-b]pyridin-7-yloxy] benzofuran-3- 

carboxylic acid 100 (800mg, 2.33mmole) in CHCI 3 (20ml) was added thionyl chloride (850 pi, 
1 1 .6mm6le) and a catalytic amount of DMF. The reaction was allowed to stir at 50°C for 3hr 
before the volatiles were removed under reduced pressure. The crude residue was triturated 
with MTBE to give the acid chloride as a pale yellow solid. *H NMR (DMSO-d 6 ) § 8.81 (1 H, d, 
15 J = 6.6 Hz), 8.57 (1 H, d, J = 5.6 Hz), 8.03 (1 H, d, J = 8.6 Hz), 7.86 (1 H, d, J = 2.0 Hz), 7.82 
(1 H, d, J = 5.6 Hz), 7.39 (1 H, dd, J = 8.6, 2.0 Hz), 7.06 (1 H, d, J = 6.3 Hz), 2.76 (3H, s). 
Example 102: 2-Methyl-6-(thieno[3,2-b]pyridin-7-yloxy)benzofuran-3-carboxyllc acid (6- 
morpholin-4-yl-pyridln-3-yl)amide 
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063 ms. 043 ^e). and »c fnft m ¥M » ( 75 „, „.„ m) „ ere st| J in ™ 

^ punfea „„ sllica ^ a grad|en , of 0 to 6% 

NMR (CDaCN) . S.50 ,,H. d. J . 5.3 Hz,. 8.37 (,H. d. J . « Hz,, 629 „„ „ 7 ^ 7 
J, 754 (1H, d, J a 5.3 Hz,, 7.45 (1H. d. Js 2 .„ Hz,. 7. 2 3 W « J J 6 "T 

H.4.77:H.^ c.54.4* 



TOs material was prepared from 2-memy(-6-[mienot3^bJ P yridin-7-yloxvlben2ofur a n 

rexa mp ,e10 2 . H NMR (CD 3 CN) 8 8.50 (1 H, d, J = 5.3Hz), 7.92 (1 H, d, J = 5.6 Hz) 7 8^ 
(1H.d. J = 8.6Hz).7.54(1H.d. J = 5 6 Hz). 7.42 (1H. d. J = 23 Hz) 7.23MH dd 7»« 

2 69 < 3H . *>• 2-59 (2H. t. J = 6.1 Hz). 2.50 (4H. bm). * " 

25 c > " 7a/ Ca,Cdfo ^3H 2 3N3O 4 S.1.4H 2 O.0.05CH 2 C, 2 : C, 59.28; H, 5.59; N 900 S 

6.87. Found: C, 59.18; H, 5.23; N, 8.99; S, 6 74 ^-N.aoo.S. 

tempi. 104: «-hVMKIiy«fl^ 

(6.fluoro-1H-indo|.3.yl)-ethyn-amide P 
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This material was prepared from 2-methyf-6-[thieno[3,2-b]pyridin-7-y!oxy]benzofuran- 
3-carboxy!ic acid 100 and 2-(6-fluoro-1 H-indol-3-yl)ethyIamine in a similar manner as that 
described for example 102. *H NMR(CD 3 CN)§ 8.48 (1H, d, J = 5.6Hz), 7.91 (1H,d, J = 5.6 
Hz), 7.63-7.59 (2H, m), 7.54 (1 H, d, J = 5.6 Hz), 7.38 (1 H, d, J = 2.3 Hz), 7.1 7 (1 H, d, J = 2.3 
Hz), 7.1 4 (1 H, t, J = 2.3 Hz), 7.1 1 (1 H, d, J = 2.3 Hz), 6.85 (1 H, m), 6.65 (1 H, bm), 6.61 (1 H, 
d. J = 5.6 Hz), 3.69 (2H, q, J = 7.1 Hz), 3.06 (2H, t, J = 7.1 Hz), 2.57 (3H, s). 

Anal. Calcd for C2 7 H 2 oN 3 0 3 SF«0.7 H 2 0: C, 65.10; H, 4.33; N, 8.44; S, 6.44. Found: 
C, 65.04; H, 4.42; N, 8.34; S, 6.40. 

Example 105: 2-Methyl-6-|Thieno(3 f 2-b)pyridfn-7-yloxy]benzofuran-3-carboxyllc acid 
butyl amide 



This material was prepared from 2-methyl-6-[thieno[3,2-b]pyridin-7-yloxy]benzofuran- 
3-carboxylic acid 100 and butylamine In a similar manner as that described for example 102. 
1 H NMR (CD 3 CN) 5 8.48 (1H,d, J = 5.3 Hz), 7.91 (1H, d, J = 5.6 Hz), 7.81 (1 H, d, J = 8.6 Hz), 
7.53 (1H, d, J = 5.6 Hz), 7.41 (1H, d, J = 2.3 Hz), 7.20 (1H, dd, J = 8.6, 2.3 Hz), 6.62 (1H, d, J 
= 5.3 Hz), 6.62 (1H, bm), 3.40 (2H, q, J = 6.9 Hz). 2.65 (3H, s). 1.60 (2H, m), 1.42 (2H, m), 
0.97 (3H,t, J = 7.3 Hz). 

Example 106: 2-Methyl-6-(thieno[3,2-b]pyridln-7-yloxy)-benzofuran-3-carboxyllc acid (5- 
phenyl-[1 ,3,4]thiadIazol-2-yl)-amlde 
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>-NH 



Xxy 



c6 



^cnfcdtoaxa.ap,.,,*. 'HN M R ( c 0 ,CN/CD,OD, 58 .45„H.d.J. 5 . 6 „ 2) eoo-795 




'N 



3*a«»«*,c acid 100 and a^aanonw,,.)^,,. m a 9m «ar to™, « ^ asseilte<) „, 

example ,02. H NMR (DMSO-dg) 5 £.68 OH. t, J = 5 6 Hz) 8 53 f2H a a 

OH. d, J -5.3 Hz), 8,5 „„. d , j . 5 , „,,, „ J * « ^ ^" " f. " 

= 5.3Hz).4.S3BKd.J.6.IHz).2.67<3Hs) -8. Z.3 Hz). 8.62 (1 H, d, J 

20 <*r::;c^^^^^ 
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A suspension of 2-methyl-6-[thieno[3,2-b]pyridin-7-yloxy]benzofuran-3-carbonyl 
chloride 101 (100mg, 0.29 mmol) in DMF (1 mi) was added dropwise to a solution of 2-(4- 
5 sulfamoyl-phenyl)-ethyl]-amine (116 mg, 0.58 mmol), triethylamine (80 pi, 0.58 mmol), and 
dimethylaminopyrldine (5 mg) in DMF (2 ml) at 50C. The resulting yellow solution was 
stirred at 50C for 2 hr then added to an ice cold aqueous sodium bicarbonate solution. The 
resulting ppt was collected by filtration, washed with water and air dried. The filtrate was 
extracted with twice ethyl acetate. The extracts were washed with 1N NaOH, then combined 
10 with the earlier solid and dried over MgS0 4 , and concentrated to dryness. The residue was 
triturated with MTBE then with EtOAc to obtain 49 mg (33%) of an off-white solid. ! H NMR 
(CD 3 CN) 5 8.48 (1H, d, J = 5.3Hz), 7.91 (1H, d, J = 5.6 Hz), 7.81 (1H, d, J = 8.3 Hz), 7.64 
(1H, d, J = 8.6 Hz), 7.54 (1H, d, J = 5.3 Hz), 7.48 (1 H, d, J = 8.3 Hz), 7.39 (1H, d, J = 2.0 Hz), 
;i» 7.16 (1H, dd. J = 8.6, 2.0 Hz), 6.68 (1H, bm). 6.62 (1H, d, J = 5.6 Hz). 5.62 (2H, bs), 3.69 (2H. 

15 q, J = 6.8 Hz), 3.04 (2H, t, J = 6.8 Hz), 2.57 (3H, s). 

Anal. Calcd for C25H 21 N 3 O 5 S 2 »0.9 H 2 O0.4 EtOAc: C, 57.1 5; H, 4.69; N, 7.52; S, 
11.47. Found: C, 57.15; H, 4.42; N, 7.60; S, 11.55. 

Example 109: 2-Methyl-6-(thieno[3,2-b]pyridin-7-yloxy)-benzofuran-3-carboxyIic acid (2- 
isopropoxy-ethyl)-amide 

20 



%-UH 




This material was prepared from 2-methyl-6-[thieno[3,2-b]pyridin-7- 
yloxy]benzofuran-3-carbonyl chloride 101 and 2-(isopropoxy)ethylamine in a similar manner 
25 as that described for example 108. 1 H NMR (CD 3 CN) 8 8.49 (1H, d, J = 5.6Hz), 7.91 (1H, d, 
J = 5.6 Hz), 7.82 (1H, d, J = 8.6 Hz), 7^54 (1H, d, J = 5.6 Hz), 7.41 (1H, d, J = 2.3 Hz), 7.20 
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(1H. dd. J = 8.6, 2.3 H 2) . 6.67 (1H. bm). 6.63 (1H, d, J = 5.3 Hz). 3.8-3.51 (5H. m) 2 66 (3H 

s).1,5( 6 H,d, J = 6,Hz).^,Ca. C dfo r C 22 H a N 2 0, S: C. 64.37; H. 5.40; N 6 2- S 781 ' 
Found: C, 64.35; H, 5.51 ; N, 6.76; S. 7.74. ' 
Example 110: 2-Methy1-6-^ 
(l-methyl-pyrrolidln-2-ylHthyn-ainlde 



Th,s material was prepared from 2™thy.^^^ 
3-carbonyl ohloride 101 and ^(l-methylpyrro.id^ethylam.ne in a simHar manner as that 
descnbed for example 108. 'H NMR.(CD 3 CN) .6 8.49 (1H. d, J = 5.6Hz), 7 91 (1H d J - 5 3 
HZ), 7.85 (1H. d. J = 8.3 Hz). 7.61 (1H. bm). 7.53 (1H. d. J = 5.6 Hz). 7.40 (1H. d. j'= 2 0Hz) 
7.20 (1H, dd, J = 8.6, 2.3 Hz), 6.63 (1H, d, J = 5.6 Hz), 3.61-3.53 (1H, m), 3.45-3.40 OH m) 
.5-3O0 (1 H.m,2.67 ( 3H.s,,2.42-2.36 ( 1H.m,,2^ 
1 .95 (1 H, m, partially obscured by CD 3 CN), 1 .87-1 .66 (5H, m). 

^ Ana,. Calcd for C^DaS-OS H 2 Q: C. 64.84; H. 5.90; N, 9.45; S. 751. Found- C 
64.73; H, 5.94; N, 9.41 ; S. 6.98. 
Examp,e1ll:^^ 
methyl-1H-pyrazol-3-yl)-amide 



H 



o , 
/— NH 



20 



Th,s materia, was prepared from 2-methyl-6.[th^^ 
3-carbony. chloride 101 and (5-methy.-,H-pyrazo,-3-yl)amine in a similar manner as that 
described for exampte 108. ' H NMR (DMSO-de).« 12.09 (1H. bs). 1 0.45 (1H. s). 8 50 (1H 
d J = 5.6 Hz). 8.14 (1H. d. J = 5.6 Hz). 7.77 (1H. d. J = 8.6 Hz). 7.65 (1H. d. J = 2.3 Hz). 7.59 
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Example 112: 2-Methy!-6-(thieno[3,2-b]pyridin-7-yloxy)benzofuran-3-carboxylic acid (3 
morpholin-4-ylpropyl)-amide 



This material was prepared from 2-methyl-6-[thieno[3,2-b]pyridin-7-y1oxy]benzofuran- 
3-carbonyl chloride 101 and 3-(morpholin-4-yl)propylamine in a similar manner as that 
described for example 108. 1 H NMR (DMSO-d 6 ) 5 8.50 (1 H, d, J = 5.6 Hz), 8.14 (1 H, d, J 
= 5.6 Hz), 8.07 (1H, bm), 7.80 (1H, d, J = 8.6 Hz), 7.64 (1H, d, J = 2.0 Hz), 7.59 (1H, d, J = 
5.6 Hz), 7.24 (1H, dd, J = 8.3, 2.0 Hz), 6.61 (1H, d, J = 5.6 Hz), 3.56 (4H. bm), 3.35-3.27 (4H, 
m), 2.63 (3H, s), 2.36 (4H, bm), 1.73 (2H, bm). 

Example 113: 2-Methyl-6-(thleno[3,2-b]pyrldin-7-yloxy)-benzofuran-3-carboxylic acid 
(1H-indol-5-yl)-amide 



This material was prepared from 2-methyl-6-[thieno[3,2-b]pyridin-7-y1oxy]benzofuran- 
3-carbonyl chloride 101 and 5-aminoindole in a similar manner as that described for example 
108. *H NMR (DMSO-ds) 5 11.04 (1H, s) f 9.96 (1H, s), 8.52 (1H, d, J = 5.6 Hz), 8.15 (1H, d, 
J = 5.3 Hz), 7.97 (1H, s), 7.83 (1H, d, J = 8.3 Hz), 7.69 (1 H, d, J = 2.3 Hz), 7.60 (1H, d, J = 
5.6 Hz), 7.36 (2H ( s), 7.33 (1H, t, J = 2.8 Hz), 7.27 (1H, dd, J = 8.6, 2.3 Hz), 6.64 (1H, d, J = 
5.3Hz), 6.41 (1H, t, J = 2.5 Hz), 2.69 (3H, s). 

Example 1 14(a): 2-(Hydroxymethyl)-7-chlorothieno[3 f 2-b] pyridine 




o 




ci 
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v«u mLj at o c. The temperature was allowed to rearh 

- a be w5 * ,0.7 ,.«%).- 'H.NMHPMS0-4. 400 MHz) 58.58 „H d J-sZ 7« 
OH. ,,,,, Hz), ,„ „H. ,. ,« „, ,. , . , e Hz), ^S;* 



15 



20 



^ethytammoniun, bromide (0* g. 0.7 mmo.e) and 19 M sodium hydroxide (10 mL> 
in oiuene was ref,uxed for three hours. The reaction mixture was buffered with 5 % 

and magnet suifate. The crude product was purified over siiica gei (100 g ) 1 2 . 
7% methanol-chloroform with 0. 1 % ammonium hydroxide, which provided the^ title 
c^Poundasanamber O i.(0.38g l62% ): ^(DMSO-cfe^OOMHzJsa.eadH d J 

(2H. t, J = 5.8 Hz). 2.49-2.47 (4H. m). 1.67-1.63 (4H. m); MS nVz 297 (M + H)' 
Example 114: ««WWhri^ 

yloxWbenzoMthiophene-a^rboxyHc acid methy.am.de 



Vn'h 



This materia, was prepared from y^o^-pyrrol^^o^m. 

2*? 1Mb 050 m9 ' a51 mmole) - 

3-carboxy,,c acd methy.am.de 1d (123 mg. 0.56 mmoie) and cesium carbonate (497 mg 
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01.53 mmole) in a similar manner as described for example 1 to give a beige solid (0.1 g, 
41%); 1 H-NMR (DMSO-<k 400 MHz) 8 8.48 (1H, d, J = 5.3 Hz), 8.28 (1H, q, J = 4.5 Hz), 
7.92 (1H t d, J = 2.3 Hz), 7.84 (1H, d, J = 8.9 Hz), 7.51 (1H, s), 7.30 (1H, dd, J = 2.3, 8.9 
Hz), 6.63 (1H, d, J = 5.6 Hz), 4.82 (2H, s), 3.60 (2H, t t J = 6.0 Hz), 2.82 (3H, d, J = 4.5 
5 Hz), 2.64-2.60 (5H, m), 2.47 (4H, bs), 1 .66-1 .63 (4H, m); MS m/z 482 (M + H)*; 

Anal. Calcd for C 2 5H 27 N 3 O 3 S 2 »0.3 H 2 0: C, 61.65; H, 5.71; N, 8.63; S, 13.17: 

Found: C, 61.55; H, 5.71; N, 8.47; S, 12.97. 
Example 1 15(a): 7-Chloro-2-(pyrrolidln-1-ylmethyl)thieno[3,2-b]pyridine 

\ _ 



A solution of 2-(hydroxymethyl)-7-chlorothieno[3,2-b]pyridine 114a (100 mg, 0.5 
mmole) in dichloroethane was treated with triethyiamine (0.08 mL, 0.55 mmole) and 

15 mesyl chloride (0.04 mL, 0.55 mmole). The clear solution was stirred for 30 minutes and 
treated with pyrrolidine (0.12 mL, 1 .5 mmole). After one hour, the reaction mixture was 
poured into 5% sodium bicarbonate and the workup was performed with 
dichloromethane, brine and magnesium sulfate. The crude product (167 mg greenish oil) 
was purified over silica gel (1 mm plate) using 2% methanol-chloroform with 0.1% 

20 ammonium hydroxide, which provided the title compound as a clear oil (71 mg, 56%): 1 H- 
NMR (DMSO-</ 6 , 400 MHz) 8 8.58 (1H, d, J = 5.1 Hz), 7.51-7.49 (2H, m), 3.96 (2H, s), 
2.56 (4H, bs), 1.75-1.72 (4H, m); MS m/z 253 (M + H)*. 
Example 1 15: 2-Methyl-6-(2-[pyrrolidln-1-ylmethyl]thieno[3,2-b]pyridin-7- 
yloxy)benzo[b]thiophene-3-carboxylic acid methylamide 



25 




This material was prepared from 7-Chloro-2-(pyrrolidin-1-yimethyi)thieno[3,2- 
b]pyridine 115a, 6-hydroxy-2-methyl-benzo[b]thiophene-3-carboxy!ic acid methylamide 1d 
and cesium carbonate in a similar manner as described in example 1. 1 H-NMR (DMSO- 
. 30 cfe, 400 MHz) 8 8.44 (1H, d, J = 5.3 Hz), 8.27 (1H, q, J = 4.6 Hz), 7.91 (1H, d, J = 2.3 Hz), 
7.83 (1H, d, J = 8.6 Hz), 7.43 (1H, s), 7.28 (1H, dd, J = 2.3, 8.6 Hz), 6.60 (1H, d, J = 5.6 
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5 Example 116: ^-pimethylam^^ 

methylben 2 otb]thiophene-3-carboxylic acid methylamide 



10 



1v •/ 
>-NH 



xxy 



H . ^ ^ P,eP,,M ,,0m 7 ^*<<>^<>*™™*m»n<i3 2- 

b S ).2.8S(3H.a.J.«H 2 ).2.60(3H. s ).2. 2 4,6H.s);MS m /z4l2(M.H)-- 




o 

och 3 



25 



This material was prepared from the reaction of methyl 6-hydroxy-2- 

rl^T^^^ 6 1 18 (2 °° "* 090 mm0te > ^oro-^t-meth,- 
l^m.dazo.-^th.enoia.S-olpyridine 1e (188 mg. 0.75 mmole, and CSi C0 3 (1 22 a 3 75 
mmole) in a manner as previousiy described for example 1 to give a yellow solid (200 mg 

51%). 'HN M R( D MSOK J6> 300 M H Z , 58 .52(1H.d.,= 5.46H 2 ) > 8. 3 8(1H.d.,j 9 04H , 
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8.02 (1H, d, J = 2.26 Hz), 7.89 (1H, s), 7.40 (2H, s), 7.02 (1H, s), 6.73 (1H, d, J= 5.46 Hz), 
3.98 (3H, s), 3.91 (3H, s), 2.82 (3H, s). 

Example 1 17(b): 2-Methyl-6-{[2-(1-methyM H-imidazol-2-yl)thieno[3,2-b]pyrldin-7- 
yl]oxy}benzo[b]thiophene-3-carboxylic acid 



This material was prepared by the reaction of methyl 2-methyl-6-{[2-(1 -methyl-1 H- 
imidazoi-2-y!)thieno[3,2-b]pyridin-7-yl]oxy}benzo[b]thiophene-3-carboxytate 117a (200 mg, 
0.46 mmole) with LiOHH 2 0 (192 mg, 4.6 mmole) in a manner as previously described for 
example 11c to give a yellow solid (165 mg, 85%). 1 H NMR (DMSO-d6, 300 MHz): 5 8.57 
(1H, d, J = 5.46 Hz), 8.45 (1H, d, J= 8.85 Hz), 8.00 (2H, s), 7.53 (1H, s), 7.40 (1H, dd, J = 
2.35, 8.95 Hz), 7.22 (1H, s), 6.79 (1H, d, J = 5.46 Hz), 4.00 (3H, s). 2.82 (3H, s). 
Example 117: 2-Methyl-6-{[2-(1 -methyl-1 H-imidazo1-2-yl)thieno[3,2-b]pyridin-7- 
y!]oxy}benzo[b]thiophene-3-carboxylic acid cyclopropylamide 



To a solution of 2-methyl-6-{[2-(1 -methyl-1 H.imidazol-2-yl)thieno[3,2-d]pyridin-7- 
yi]oxy}benzo[b]thiophene-3-carboxylic acid 117b (75 mg, 0.18 mmole) in DMF (1.5 mL) atO 
°C were added A/./V-diisopropylethylamine (68 pL, 0.39 mmole) and HBTU (100 mg, 0.27 
mmole). The reaction mixture was stirred 30 min at 0°C then warmed to room temperature 
and stirred 18 hr. The mixture was poured onto H 2 0 (25 mL) and the precipitate was 
collected by vacuum filtration. The filter paper was extracted with a mixture of CH 2 CI 2 (10 mL) 
and MeOH (10 mL). The solution was concentrated and the crude mixture was purified by 
silica gel chromatography (5% MeOH / EtOAc) to afford a pale yellow solid (58 mg, 71%). 1 H 
NMR (DMSO-d 6 , 300 MHz) 8 8.52 (1H, d, J= 5.46 Hz). 8.46 (1H, d, J= 4.33 Hz), 7.95 (1H, d, 
J= 2.26 Hz), 7.88 (1H, s), 7.80 (1H, d, J= 8.67 Hz), 7.40 (1H, s), 7.32 (1H, dd, J= 2.26, 8.85 




q 
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5 Example 118, ^^^^m^.^^.^ 
VH.x»)l«nzolb J ,h te ph M «* catl)0 „„ c MW 3J , ya „ >xypro( , ylamk)e 



I 




NH 



mmole) with 3-amino-1-propanoU46 uL haa m m~t^ a, ' 

Ki^Pdnoi hl, 0.44 mmole), /V f AAdiisopropyIethylam!ne (77 ul n ™ 

. 3 ■* 157 "» **>' 'H NMR (DMSO^. 300 MHz) 8 8.52 
' f 527 H * 837 (1H 1 J " 556 H * 7 * OH. * .1.2.26 Hz), 7.80 (,„ , 782 

6.70(1H.c. J.S.«Hz).4.51 (IH.t, J, 5.09 Hz). 3.98 (3H, S ). 3.50 (2H , ./-622Hz, 
3.35 (2Hm). 2.60 13H.S). 1.71 ( 2H . m) . ° KH q, ./ - 622 Hz). 

S9 0, H«0 C r,':; < : H!!N ' O ' S!: C '^* "^..3.40. Fen* c . 

59.01, H, 4.70; N, 11.13; S, 12.89. 

y.]ox y}b e„ 2 o tb] th te p h ene-3.ar b oxy,lc acid (c y c,oprop y , m ethyOa m , d e 



1K6 



o 

NH . 




»»'™!3.2-»JP^^ )i7b 
««* (-"-I**,*. ,43 „L. 0.30 m(nale) ^ diisopropylethylamine (58 ,U 
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0.33 mmole), and HBTU (94 mg, 0.25 mmole) in a manner similar to that previously described 
for example 117 to afford a pale yellow solid (64 mg, 53%). 1 H NMR (DMSO-d 6 , 300 MHz) S 
8.61 (1 H, d, J= 5.46 Hz), 8.49 (1 H, t, J= 5.65 Hz), 8.07 (1H, s), 7.99 (1 H, d, J = 2.26 Hz), 
7.85 (1H, d. J= 8.67 Hz), 7.63 (1H, s), 7.37 (1H t s), 7.36 (1H, dd, J= 2.4, 8.67 Hz), 6.81 (1H, 
5 d, J= 5.65 Hz), 4.01 (3H, s), 3.20 (2H, t, J = 6.31 Hz), 2.62 (3H, s), 1.08 (1H, m) f 0.47 (2H, 
m), 0.27 (2H, m). 

Anal. Calcd. for C^H^O^ • 2(CF 2 C0 2 H): C, 49.57; H, 3.44; N, 7.97; S, 
9.13. Found: C, 48.25; H, 3.48; N f 7.64; S, 8.77. 

Example 1 20: 6-[(2-{[(2S)-2-(Methoxymethyl)pyrrolldin-1 -yl]carbonyl}thieno[3 f 2- 
10 b]pyridin-7-yt)oxy]-2-methylbenzo[b]thiophene-3-carboxylic acid cyclopropylamide 




This material was prepared by the reaction of 7-chloro-2-{[(2S)-2- 
(methoxymethyl)pyrrolidin-1-yl]carbonyl)thieno[3,2-b]pyridine 2a (124 mg, 0.40 mmole) with 6- 
hydroxy-2-methylbenzo[b]thiophene-3-carboxy!ic acid cyclopropylamide 8c (119 mg, 0.48 

15 mmole) and Cs 2 C0 3 (391 mg, 1 .2 mmole) in a manner as previously described for example 1 
to give a yellow solid (146 mg, 70%). 1 H NMR (DMSO-d 6 , 300 MHz) 6 8.58 (1H, d, J = 5.27 
Hz), 8.46 (1H, d, J= 4.33 Hz), 8.03 (1H, s), 7.96 (1H, d, J= 2.26 Hz), 7.80 (1H, d, J= 8.67 
Hz), 7.32 (1H, dd, J= 2.17, 8.76 Hz), 6.75 (1H, d, J= 5.27 Hz), 4.30 (1H, m), 3.64 (2H, m), 
3.53 (1H, m) 3.42 (1H, m), 3.27 (3H, s), 2.89 (1H, m), 2.57 (3H, s), 2.09-1 .81 (4H, m) 0.72 

20 (2H, m), 0.59 (2H, m). 

Anal. Calcd. for C 27 H 2 7N 3 04S 2 : C, 62.17; H, 5.22; N, 8.06; S, 12.19. Found: C, 
60.94; H, 5.34; N, 7.71; S, 11.71. 

Example 121: 6-[(2-{[(3/^-3-Hydroxypyrrolldin-1-yl]carbony1}thieno[3,2-b]pyridin-7- 
yl)oxy]-2-methylbenzo[b]thiophene-3-carboxylicacid cyclopropylamide 
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This material was prepared by the reaction of 7-chlom 2 m\ <* h, w 

5 yeHowscMOaO™,.^. 'H NM R,DMSO.d.,300 M Hz>6e. M( ,H d /- 5 «H ^ 
CH. * ,-4.33 Hz), 8.06. 3.00 „„. „. 7Je (1H . „, ^ ^iml j „"1 

oSr ■* * W * M w ■* 2M ™ * w « it£JS, * 

0.76-0.70 (2H, m). 0.60-0.55 (2H m) ( ' } ' 

o 

This material was prepared from the reaction of methyl 6-hydroxy-2- 

methylbenzofbjthiophene-a-carboxytatellaffi^flm^ . . 

, ,. ^ 13(85 8 m 9> 0-386 mmole) with 7-chloro-2-ff/?«a 9 

VoH 

.-CO 1 
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This material was prepared by the hydrolysis of methyl 6-[(2-{[(2S)-2- 
(methoxymethyl)pyrrolidin-1-yl]carbonyl}thleno[3,2-b]pyridin-7-yl)oxy]-2- 
methy)benzo[b]thiophene-3-carboxylate 122a (63 mg, 0.13 mmole) with LiOH H 2 0 (54 mg, 13 
mmole) in a manner as previously described for example 11c to give a white solid (46 mg, 
75%). 'H NMR (DMSO-d 6 , 300 MHz) 6 8.58 (1H, d, J = 5.46 Hz), 8.44 (1H, d, J = 8.85 Hz), 
8.03 (1H, s), 8.00 (1H, d, J = 2.26 Hz), 7.38 (1H, dd, J= 2.45, 9.04 Hz), 6.78 (1H, d, J = 5.84 
Hz), 4.35-4.25 (1H, m), 3.93-3.76 (2 H, m), 3.59-3.50 (2H, m), 3.27, 3.15 (3H, s), 2.81 (3H, s), 
2.11 -1.83 (4H, m). 

Example 122: 6-[(2-{[(2S)-2-(Methoxymethyl)pyrroIidin-1-yl]carbonyl}thleno[3,2- 
Jb]pyridin-7-yl)oxy]-2-methylbenzo[b]thiophene-3-carboxylic acid 3- 
hydroxypropylamide 



This material was prepared by the reaction of 6-[(2-{[(2S)-2-(methoxymethyl)- 
pynolidin-1-yl]carbonyl}thieno[3,2-%yri 

acid 121b (45 mg, 0.093 mmole) with 3-amino-1-propanol (21 \iL, 0.28 mmole), HBTU (53 
mg, 0.14 mmole), and diisopropylethylamine (36 uL, 0.21 mmole) in a manner as previously 
described for example 117 to give a yellow solid (44 mg. 88%). 'NMR (DMSO-d 8 , 300 MHz) 5 
8.58 (1H, d, J= 5.27 Hz), 8.36 (1H, t, J= 5.46 Hz), 8.03 (1H, s), 7.96 (1H, d, J= 2.26 Hz), 

7.82 (1H, d, J= 8.85 Hz), 7.33 (1H, dd, J = 1.70, 8.67 Hz), 6.75 (1H, d, J = 5.27 Hz), 4.51 
(1H, t, J= 5.18 Hz), 4.30 (1H, m), 3.85 (2H, m), 3.37 (2H, m), 3.27 (3H, s), 2.60 (3H, s), 2.09- 

1.83 (4H,m), 1.71 (2H f m). 

>*na/. Calcd. for C 27 H 29 N305S2: C. 60.09; H, 5.42; N, 7.79; S, 11.88. Found: C, 
57.22; H, 5.72; N, 7.22; S, 1 1 .1 6. 

Example 123(a): Methyl 6-K2-{[(3fl)-3-methoxypyrrolidin-1-yl]carbonyl}thieno[3,2- 
d]pyridin-7-yl)oxy]-2-methylbenzo[b]thiophene-3-carboxylate 
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O 

OCH 3 



N 



This material was prepared from the reaction of 6-hydroxy-2- 

me^benzowthiophene-^rboxyiate 11a (267 mg, 1.20 mmoie) with T^oro-^-a 
meth^i^ 

(^n, g 300mmo.e) I „a m annersi m i,a rtottl atprevious.y described for exam* itogtoa 
^ownso„d(4a0mg.100 % ). 1 H NMR (DMSO-dg, 300 MHz) 8 8.58 (1 H,d,J= 5 46 Hz) 8 39 



• *' . • I, III/. 

Example 123(b): W****^^ 



7- 



15 



20 



MeO 



1 rtcartolTTo* PrePar6d ^ ^ reaCti ° n ° f ^ ^^methoxypyrrolidin- 
Bcampfe 123: WIW***^ 

yOoxvh^ethyfbe^ophene^rboxvHc acid ^hydroxyeimide 
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This material was prepared from the reaction of 6-[(2-{[(3f9-3-methoxypyrrolidin-1- 
yl]carbonyi}thieno[3,2-b]pyridin-7-yl)oxy]-2-methylbenzo[b]thiophen acid 1 23b 

5 (130 mg, 0.278 mmole) with ethanolamine (84 jiL, 1 .39 mmole), A/ f AAdiisopropylethylamine 
(0.15 mL, 0.83 mmole), and HBTU (263 mg, 0.694 mmole) in a manner similar to that 
previously described for example 1 17 to give a yellow solid (40 mg, 28%). *H NMR (DMSO- 
d 6 , 300 MHz) 58.58 (1H, d, J= 5.27 Hz), 8.33 (1H, t, J= 5.56 Hz), 8.06 (1H, s), 7.96 (1H, d, J 
= 2.26 Hz), 7.86 (1H, d, J= 8.85 Hz), 7.32 (1H, dd, J= 2.26, 8.85 Hz), 6.75 (1H, d, J= 5.46 

10 Hz), 4.76 (1 H, br s), 4.13-3.81 (3H, m), 3.67-3.50 (4H, m), 3.43-3.32 (2H, m), 3.27, 3.24 (3H, 
s), 2.61 (3H, s). 2.18-1.94 (2H, m). 

Anal. Calcd. for C25H25N3O5S2: C, 58.69; H, 4.93; N, 8.21 ; S, 12.54. Found: 
C, 56.56; H, 5.01 ; N, 7.62; S, 1 1 .67. 

Example 1 24: 6-[(2-{[(3/^3-Methoxypyrrolidln-1-y0carbonyl}thieno[3^-6]pyridin.7- 
15 yl)oxy]-2-methylbenzotb]thiophene-3-carboxyllc acid 3-hydroxypropylamide 




This material was prepared from the reaction of 6-[(2-{[(3fl)-3-methoxypyrroIidin-1- 
yl]carbonyl)thieno[3,2-5]pyridin-7-yl)oxy]-2-methylbenzo[b]thiophene-3-carboxylic acid 123b 
(130 mg, 0.278 mmole) with 3-amino-1-propanol (106 ^L, 1.39 mmole), N,N- 

20 diisopropylethylamine (0.15 mL, 0.83 mmole), and HBTU (263 mg, 0.694 mmole) in a manner 
similar to that previously described for example 1 17 to give a yellow solid (34 mg, 23%). ! H 
NMR (DMSO-d 6 , 300 MHz) 5 8.58 (1H, d, J= 5.27 Hz), 8.36 (1H, t, J = 5.65 Hz), 8.06 (1H, s), 
7.96 (1H, d, J= 2.07 Hz), 7.83 (1H, d, J= 8.85 Hz), 7.33 (1H, dd, J= 2.07, 8.85 Hz), 6.75 
(1H, d, J= 5.27 Hz), 4.51 (1H, t, J = 5.18 Hz), 4.13-3.82 (3H, m), 3.62 (2H, m), 3.50 (2H, m). 

25 3.39-3.30 (2H, m), 3.27, 3.24 (3H, s), 2.60 (3H, s), 2.18-1 .93 (2H. m), 1 .71 (2H, quintet, J = 
6.6 Hz). 
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Mtf C*tte<MHA*«CI: C. 55.56; H. 5.02; N. 7.48; S. 11.41. Found- 
53.38; H, 4.96; N, 7.09; S, 10.83. 

&am P'e1^6-K2-a(3^34flethoxypyrro«fdiM-yqcarbon^^ 
^>2-methylbenzoIbJthiophene^rboxy.rca 



C, 



This material was prepared by the reaction of 6-[(2-{[(3fl)-3-methoxypyrrolidin-1- 
yljcarbonynthienot^jpyrid^^ 

(130 mg, 0.278 mmole) with (aminomethyl)cyclopropane (120 pt, 1.39 mmole) 
diisopropylethylamine (0.15 mL. 0.83 mmoie). and HBTU (263 mg, 0.694 mmoi'e) in a manner 
s.m,.ar to that previously described for example 117 to afford a pale yellow solid (42 mg 
24%). H NMR (DMSO-d 6 . 300 MHz) 8 8.61 (1 H. d. J = 5.56 Hz,. 8.49 (1H. t, J- 5 56 Hz) 
8.06 (1H s). 7.97 (1H. s). 7.84 (1H. d. J= 8.59 Hz). 7.34 ,1H. dd. J= 2.27, 8.84 Hz). 6.79 ' 
(1H. d. J= 5.56 Hz). 4.11-3.80 (3H. m). 3.70-3.46 (2H. m). 3.27. 3.24 (3H. s). 3.20 (2H t J- 
6.19 Hz). 2.62 (3H. sR18-1.91 (2H. m). 1.08 (1H. m). 0.47 (2H. m). 0.26 (2H. m) ' ' " 

A.a/.Calcd. forC^H^NaO^tCF^H,: C, 49.66; H. 3.90; N, 5.60; S 855 
Found: C. 49.29; H. 4.03; N, 5.64; S. 8.59. ' 
Example 126(a): S-IW/^Hydroxypyr^^ 
yl)oxy]-2.methylbenzo[b]thiophene-3-carboxyllc acid 



H0"O 




O 

>-OH 



This material was prepared from the reaction of methyl 6-hydroxy-2- 
methylbenzo[b]thio P hene-3-carboxylate 11a (283 mg. 1.00 mmole) with 7-chloro-2-[(R)-3- 
h y droxypyrrolidine.1-carbonyl]mieno[3.2-b] P yridine 4a and CsaC0 3 (977 mg. 3.00 mmole) in a 
manner as previously described for example 1. The crude product was then reacted with 
L,OHH 2 0 (227 mg. 5.4 mmole) in a manner similar to that described for example 1 1c to give 
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a yellow solid (202 mg, 45%). 1 H NMR (DMSO-d 6 . 300 MHz) 5 8.58 (1H, d, J = 5.31 Hz), 8.44 
(1H, d, J= 8.84 Hz). 8.14, 8.07 (1H, s), 8.00 (1H, s), 7.39 (1H, dd, J- 2.40, 8.97 Hz), 6.78 
(1H, d, J= 5.56 Hz), 4.38, 4.33 (1H, br s), 4.01-3.91 (1 H, m), 3.68-3.56 (2H, m), 3.49-3.22 
(2H, m) ( 2.81 (3H, s), 2.07-1 .79 (2H, m). 
5 Example 126: 6-[(2-{[(3/ : 3)-3-Hydroxypyrrolidin-1-yl]carbonyl}thienot3,2-b]pyridin-7- 
yl)oxy]-2-methylbenzo[b]thiophene-3-carboxylicacid (cyclopropylmethyl)amide 



HO' 




This material was prepared from the reaction of 6-[(2-{[(3fl)-3-hydroxypyrrolidin-1- 
yl]wrbonyl)thieno[3,2-f>]pyridin-7-yi)oxy]-2-methyibenzo[b]thiophene-3-carboxylic acid 1 26a 

10 (65 mg, 0.14 mmole) with (aminomethyl)cyclopropane (37 \iL t 0.43 mmole), 

diisopropylethylamine (50 *iL, 0.29 mmole), and HBTU (81 mg, 0.22 mmole) in a similar 
manner previously described for example 117 to give a pale yellow solid (47 mg, 46%). 1 H 
NMR (DMSO-d 6( 300 MHz) 8 8.60 (1H, d, J= 5.56 Hz), 8.49 (1H, t, J= 5.68 Hz), 8.07, 8.01 
(1H, s). 7.97 (1 H, d, J= 2.27 Hz), 7.84 (1H, d, J= 8.59 Hz), 7.34 (1 H, dd, J= 2.27, 8.84 Hz), 

15 6.78 (1 H, d, J= 5.31 Hz), 4.38, 4.33 (0.5H, br s), 4.01-3.93 (3H, m), 3.67-3.47 (2H, m), 3.20 
(2H, t, J= 6.19 Hz), 2.62 (3H, s), 2.07-1.81 (2H, m), 1.08 (1H, m), 0.46 (2H, m), 0.26 (2H, m). 

Ami Calcd. for C^HzsNaC^Sz ^(CFaCOaH): C, 49.72; H, 3.77; N, 5.86; S, 8.95. 
Found: C, 49.52; H, 3.71; N, 5.83; S, 8.92. 

Example 1 27: 6-{[2-(Azetidin-1-ylcarbonyl)thieno[3,2-d]pyrldin-7-yl]oxy}2- 
20 methylbenzo[b]thiophene-3-carboxy lie acid cyclopropylamide 




This material was prepared by reacting 2-(azetidin-1-ylcarbonyl)-7-chlorothieno[3,2- 
ft]pyridine 25a (90 mg, 0.36 mmole) with 6-hydroxy-2-methylbenzo[b]thiophene-3-carboxylic 
acid cyclopropyl amide 8c (106 mg, 0.43 mmole) and Cs 2 C0 3 (349 mg, 1.07 mmole) in a 
25 manner analogous to that described for example 1 to give a yellow solid (106 mg, 47%). 1 H 
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/WCtth^NAWilCW* C, 51.10; H, 3.57; N, 6 62- S 1011 
Found: C. 51.40; H. 3.95; N, 6.85; S. 10.29 ' 

methy.benzop,]thiophene.3K:arboxy. i c add methyylamide ^ 




10 



carboxy.,ca«dmethy.amide1d(1ll mg. 0.5 mmole) and Cs^ (651 1 mi 2 12 

HZ)' 6 75 H 1 ; ^ (1H ' ^ J= 8 7 "* 7 63 (1H ' 7 33 *■ ^= 2 2 

Calcd. for WoHftWU CH,OH^.2 EtOAc: C. 56.07- H 4 03- N 8 49- <5 
19.44. Found: C, 56.05; H, 4.08; N, 8.43; S 19 47 ' ' 

methy.benzo t b ] th.ophene.3s:arboxyl,c acid cydopropylamide 




Wh 

xxy 



25 



Th,s material was prepared by reacting [^hiorothienof^-bJpyridin-^-l 3- 

carboxyl, acd cyclppropylamide 8c (1 13 mg. 0.4 mmole, and C^CO, (391 mg 1 2 mmole, 

"i a manner similar to that previously described for exam ni„ 1 } 

y uewnoea tor example 1 to give a yellow solid (86 mg, 
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44%). 1 H NMR (DMSO-d 6 , 300 MHz) 8 8.56 (1H ? d, J= 5.4 Hz), 8.46 (1H, d, J= 4.3 Hz), 8.17 
(1H, s), 7.96 (1H f d, J= 2.2 Hz), 7.81 (1H, d, J= 8.8 Hz), 7.63 (1H, s), 7.34 (1H, dd, J= 2.2, 
8.8 Hz), 6.75 (1H, d, J= 5.4 Hz), 4.60 (2H, d, J= 4.9 Hz), 2.96-2.85 (1 H, m), 2.57 (3H, s), 
0.78-0.67 (2H, m), 0.62-0.53 (2H, m). 

Anal. Calcd. for C 24 H 19 N 3 03S3*1.2 H 2 0: C, 55.94; H, 4.19; N, 8.16; S, 18.67. Found: 
C, 55.85; H, 4.1 9; N, 7.95; S, 19.01, 

Example 130(a): 6-Hydroxy-2-methyl-1-benzo[b]thiophene-3-carboxylic acid 
(cyclopropylmethyl)amide 



This material was prepared by the reaction of crude 3-(chlorocarbonyl)-2-methyl-1- 
benzothien-6-yl acetate (650 mg, 2.42 mmole (theoretical)) with (aminomethyl)cyclopropane 
(1.2 mU 13.8 mmole) and A/.N-diisopropylethylamine (0.5 mL, 2.9 mmole) in a manner similar 
to that previously described for example 8c. The crude product was purified by silica gel 



chromatography (25-50% EtOAc / hexanes) to afford a yellow glass (457 mg, 72%). *H NMR 
5 9.56 (1 H, s), 8.31 (1 H, t, J =: 5.56 Hz), 7.52 (1 H, d, J = 8.67 Hz), 7.18 (1H, d, J = 2.07 Hz), 
6.84 (1H, dd, J= 2.26, 8.67 Hz), 3.16 (2H, m), 2.51 (3H, s), 1.05 (1H, m), 0.44 (2H, m), 0.24 
(2H,m). 

Example 1 30: (6-({2-[4-(Hydroxymethyl)-1 ,34hiazol-2-yl]thieno[3,2-a]pyridIn-7-y l}oxy)-2- 
methyIbenzo[b]thlophene-3-carboxylic acid (cyclopropylmethyl)amide 



This material was prepared by reacting [2-(7-chlorothieno[3,2-b]pyridin-2-yl)-1 ,3- 
thiazol-4-yl]methanol (85 mg, 0.30 mmole) with 6-hydroxy-2-methylbenzo[b]thiophene-3- 
carboxyiic acid (cyclopropylmethyl)amide 130a (94 mg, 0.36 mmole) and CS2CO3 (195 mg, 
0.60 mmole) in a manner similar to that previously described for example Ito give a yellow 
solid (57 mg, 25%). *H NMR (DMSO-d 6 . 300 MHz) 5 8.56 (1 H, d, J = 5.46 Hz), 8.49 (1 H, t, J 
= 5.75 Hz), 8.17 (1H, s), 7.98 (1H, d, J = 2.26 Hz), 7.84 (1H, d, J= 8.67 Hz), 7.65 (1H, s), 
7.36 (1H, dd, J= 2.35, 8.76 Hz), 6.80 (1H. d, J = 5.46 Hz), 4.60 (2H, s), 3.20 (2H, t, J= 6.22 
Hz), 2.62 (3H, s), 1 .07 (1 H, m), 0.47 (2H, m), 0.26 (2H. m). 
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Ana,. 03.^.^^^30383.2^300^): C 47.34; H. 3.15; N. 5 71- S 1308 
Found: C, 46.72; H, 3.15; N, 5.71; S, 12.92 
Example 131: HP^eMln-1-^^ 




, vT 



tom^. 132: ^^^^^ 
(cyclopropylmethyl)amide 




^rJ^r™* ^ fr0m 7 ^ ,oro -2-{[(3^3-metho X ypy^o« id in-1- 

yfjcarbonyljth.eno^jpyndine 2a (93 mg. 0.30 mmole). 6-hydroxyT 

memy.benzoIbJthlcphene-S.carboxy.ic add (cyc,opropy ) me«hy,)am i de 130a (94 mo 0 36 
mmole) and C&CO, f 195 ma n «n x • 9 ' 6 

for «L 1 , 3 manner Sim " ar t0 *■* previous, V Scribed 

for example 1 to g„e a yellow solid (33 mg. 18%). « H NMR (DMSO-d,. 300 MHz) 6 8 64 1H 

d.J= 5.46 Hz), 8.51 (1H.t. J = 5 .65Hz).8 05(1H s) 799MH H / ,17 



« 
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J= 8.85 Hz), 7.36 (1H, dd, J=2.26, 8.85 Hz), 6.83 (1H, d, J= 5.46 Hz), 4.30 (1H, m), 3.85 
(2H, m), 3.53 (1 H, m), 3.42 (1 H, m), 3.27 (3H, s), 3.20 (2H, m), 2.63 (3H, s), 1 .97 (2H f m), 
1 ,90 (2H, m), 1 .07 (1 H, m), 0.46 (2H, m), 0.26 (2H f mj. 



C, 56.05; H, 5.44; N, 709; S, 10.68. 

Example 1 33(a): 2-Methyl-6-(thieno[3,2-6]pyridin-7-yloxy)benzo[b]thiophene-3- 
carboxylic acid 



This material was prepared by reacting 7-chlorothieno[3,2-Z?]pyridine (170 mg, 1.0 
mmole) with methyl 6-hydroxy-2-methylbenzo[b]thiophene-3-carboxylate 11a (267 mg, 1.2 
mmole) and Cs 2 C0 3 (488 mg. 1 .5 mmole) in a manner similar to that previously described for 
example 1. Silica gel chromatography (1 0% MeOH / CHCI 2 ) provided the title compound as a 
brown viscous oil (93 mg, 27%) of. 1 H NMR (DMSO-d 8l 300 MHz) 5 8.47 (1H, d, J= 5.27 
Hz). 8.41 (1H, d. J= 8.85 Hz). 8.1 1 (1H, d. J= 5.46 Hz). 7.93 (1H. d, J= 2.07 Hz), 7.55 (1H, 
d, J= 7.55 Hz), 7.32 (1H, dd, J= 2.26, 8.85 Hz), 6.64 (1H, d, J= 5.27 Hz), 2.77 (3H, s). 
Example 133: 2-Methyi 6-(thieno[3,2-b]pyridin-7-yIoxy)benzo[b]thiophene-3-carboxylic 
acid (2-morpholin-4-yl)ethylamide 



This material was prepared from the reaction of 2-methyl-6-(thieno[3,2-fc]pyridin-7- 
y!oxy)benzo[b]thiophene-3-carboxylic acid 133a (93 mg, 0.27 mmole) with 4-(2- 
aminoethyl)morpholine (0.12 mL, 0.82 mmole), diisopropylethylamine (0.10 mL, 0.55 mmole). 
and HBTU (155 mg, 0.41 mmole) in a manner similar to that previously described for example 
117 to give a white crystalline solid (35 mg, 28%). 1 H NMR (DMSO-d 6 , 300 MHz) 6 8.51 (1H, 
d, J= 5.27 Hz). 8.28 (1H, t, J= 5.37 Hz), 8.15 (1H, d, J= 5.46 Hz). 7.94 (1H. dd, J= 2.26 Hz), 
7.94 (1H, d, J = 8.48 Hz), 7.59 (1H, d, J= 5.46 Hz), 7.33 (1H, dd. J = 2.26. 8.85 Hz), 6.64 
(1H, d, J= 5.27 Hz), 3.58 (4H. t, J = 4.33 Hz), 3.43 (2H, q, J= 6.09 Hz), 3.32 (2H, m), 2.63 
(3H, s), 2.52-2.39 (4H, m). 



/\na/.Calcd.forC 2 8H29N304S 2 »1.5(HCI): C, 56.96; H, 5.21; N, 7.12; S, 10.86. Found: 




q 




RN«nnnm-<wo n^infl4fiPAi I > 
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*na/.Calcd. for C^H^OaS,: C, 60.90; H 5 1 V N g 26' S m c 
H. 5.16; N. 9.16; S, 14.02. ' ' S ' 14 4 F ° Und: C - 61-12. 

Example 134(a): 2-EthyJ e-hydroxyben^Jthiophene 

MeO 

aescrmaotorexamM. . SOmmote) in a manna, as prm*,,^ 

0H. a . J j. 7 Tr7«:r J a iT:7: , " 8a90%) - ,h *«^, 8 ' 58 
P «., J -«H 2 ^^;;^^^• 7 • <,^( ' H ■ s '•- ^ ''"•«•-«.s. 7 H ^1 . ^ . M 

>4/7aA Ca,cd - f or CnH^OS: C. 68.71; H 6 29* S ifi fifl c ... 
16.93. ' S> 16 68 - Found: C. 68.50; H, 6.21 ; S. 

Example ,34(b^^ 

hoX)Q-\ 



!5 



) 



Example 134(c): 6-Acetoxy- 2 ^ ylben20[bJthfophene 

AcoXX}~\ 

-""le)in« m ,,.,,„ p ^^ ' "* J mmole) and EI3N (2 ml, ,.«„, ,4 

O y J 
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8 mmble) by acylation with oxalyl chloride in the presence of AICI 3f followed by treatment with 
methylamine in a manner as previously described for example 1d to give a pale yellow solid 
(1 .55 g, 82%). 'H NMR (DMSO-d 6 ) 5 9.57 (1 H, s), 8.1 5 (1 H, q, J = 4.5Hz), 7.48 (1H, d, J = 
8.6 Hz), 7.19 (1 H, d, J = 2.3 Hz), 6.84 (1H, dd, J = 2.3, 8.6 Hz), 2. 90 (2H, q, J = 7.5 Hz), 2.78 
5 (3H,d, J = 4.5Hz),1.22(3H,t, J = 7.5 Hz). 

Anal. Calcd for C 12 H 13 N0 2 S: C, 61.25; H, 5.57; N, 5.95; S, 13.63. Found: C, 61.11; 
H, 5.68; N, 5.88; S, 13.41. 

Example 134: 2-Ethyl e-Cp-tl-methyl-l^imldazol^-yOthienop^-dlpyridin^- 
y|]oxy}benzo[b]thiophene-3-carboxylic acid methylamide 




10 

This material was prepared by reacting 7-chloro-2-(1-methyM Wmidazol-2- 
yl)thieno[3,2-d]pyridine 1e (87 mg, 0.35 mmole) with 2-ethyl-6-hydroxybenzo[b]thiophene-3- 
carboxylic acid methylamide 134d (99 mg, 0.42 mmole) and CS2CO3 (342 mg, 1.05 mmole) in 
a manner analogous to that described for example 1 to give a yellow solid (89 mg, 37%). 1 H 

15 NMR (DMSO-d 6 , 300 MHz), 5 8.52 (1H, d, J= 5.56 Hz), 8.33 (1H, m), 7.98 (1H, d, J= 2.27 
Hz), 7.89 (1H, s), 7.81 (1H, d, J= 8.59 Hz), 7.40 (1H, s), 7.33 (1H, dd, J = 2.27, 8.84 Hz), 
7.02 (1H, s), 6.97 (1H, d, J= 5.31 Hz). 3.98 (3H, s), 3.00 (2H, q. J= 7.58 Hz), 2.83 (3H, d, J= 
4.80 Hz), 1 .28 (3H, t, J= 7.58 Hz). 

Anal. Calcd. for C 2 3H2oN40 2 S2#2(CF 2 C0 2 H): C. 47.93; H, 3.28; N, 8.28; S, 9.48. 

20 Found: C, 47.63; H, 3.24; N, 8.14; S, 9.29. 

Example 135: 2-Ethyl-6-[(2-{[(3fl)-3-methoxypyrrolidin-1-yl]carbonyl}thieno[3,2- 
d]pyridin-7-yl)oxy]benzo[b]thiophene-3-carboxylic acid methylamide 




25 



This material was prepared by reacting 7-chloro-2-{[(3fl)-3-methoxypyrrolidin-1- 
yl]carbonyl}thieno[3,2-£>]pyridine 4b (74 mg, 0.25 mmole) with 2-ethyl-6- 
hydroxybenzo[b]thiophene-3-carboxylic acid methylamide 134d (71 mg, 0.30 mmole) and 



10 
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C^COa (244 mg, 0.75 mmole) in a manner analogous to that cWnhoH * 

OH. t, J= 7.58 Hz). ( ' " 4 55 H2)> 2 - 16 " 195 < 2H - m >. 1-2B 

S 100 5 P ^; / Ca,Cd f0rC - H ^S 2 -1. 2 5(CH 3 CO 2 H,: C, 51.76; H, 4.15' N 658 
S, 10.05. Found: C, 51.24; H. 4.23; N, 6.55; S. 10 05 
Example 1 36: 

acid 1^ 
o 



HO 1 



15 hydroxybenzofbJthiophene-S-carboxyfic acid methytamide 134d (71 mo 0 30 m « „ 
Cs 2 C0 3 (244 mg, 0.75 mmole) h a manner analogous ,o that de^Z' , 
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O 

This material was prepared by reacting 7-chloro-2-{[(3/7)-3-methoxypyrrolidin-1- 
yl]carbonyl}thieno[3,2-^]pyridine 2a (1 55 mg, 0.5 mmole) with 2-ethyl-6- 
hydroxyben2o[b]thiophene-3-carboxylic acid methylamide 134d (141 mg, 0.60 mmole) and 
5 Cs 2 C0 3 (488 mg, 1 .5 mmole) in a manner analogous to that described for example 1 to give a 
yellow solid (25 mg, 10%). 1 H NMR (DMSO-d 6 . 300 MHz), 8 8.59 (1 H, d, J = 5.56 Hz), 8.33 
(1H, d, J= 4.55 Hz), 8.03 (1H, s), 7.99 (1H, d, J= 2.02 Hz), 7.81 (1H, d, J= 8.59 Hz), 7.33 
(1H, dd. J= 2.27, 8.84 Hz), 6.77 (1H, d, J= 5.56 Hz), 4.31 (1H, br s), 3.90-3.81 (2H, m). 3.37- 
3.15 (2H, m), 3.37 (3H, s), 3.00 (2H, q, J = 7.41 Hz), 2.83 (3H, d, J= 4.55 Hz), 2.09-1 .84 (4H, 
10 m), 1.28 (3H,t,J= 7.58 Hz). 

Anal Calcd. for C^^S^I .75(HCI): C, 54.46; H, 5.05; N, 7.33; S, 11.18. 
Found: C, 54.50; H, 5.19; N, 7.30; S, 1 1 .22. 

Example 138: 6-{[2-{Azetidin-1-ylcarbonyl)thieno[3 f 2-6]pyridIn-7-yl]oxy}-2- 
ethylbenzo[b]thiophene-3-carboxy!ic acid methylamide 

NH 

\ 




Kb 



This material was prepared by reacting 2-(azetidin-1-y1carbonyl)-7-chlorothieno[3,2- 
fc]pyridine 25a (97 mg, 0.40 mmole) with 2-ethyt-6-hydroxybenzo[b]thiophene-3-carboxytic 
acid methylamide 134d (113 mg, 0.48 mmole) and CS2CO3 (391 mg, 1.2 mmole) in a manner 
similar to that previously described for example 1 to give a yellow solid (1 20 mg, 52%). *H 

20 NMR (DMSO-de. 300 MHz) 8 8.59 (1 H, d, J = 5.67 Hz). 8.31 (1H, m), 7.98 (1H, d, J= 2.27 
Hz), 7.89 (1H f s). 7.81 (1H, d, J= 8.69 Hz), 7.33 (1H. dd, J= 1.51, 8.69 Hz), 6.76 (1H, d, J= 
5.29 Hz), 4.62 (2H, t, J« 7.37 Hz), 4.11 (2H, t, J« 7.37 Hz), 3.00 (2H, q, J= 7.55 Hz), 2.83 
(3H, d, J= 4.53 Hz), 2.35 (2H, m), 1.28 (3H, t, J = 7.55 Hz). 

Anal. Calcd. for C 2 4H 21 N 3 0 3 S 2 *CF 3 CO z H: C. 53.09; H, 3.92; N, 7.43; S, 11.34. 

25 Foi^~{rM^W§3&M:T2!8i S. 1 1:12: - 
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Example 139(a): 7-Chloro.2.methylthleno[3^-bJpyridine 



ci 

^3 



^— ?T K,ia ' WM P ' ePi " 8< ' to " 7 -* te ">»'»P^)Py*ino (1.69 9 . ,0 mmol.) b, 

(DMSO-*):68. 5 6„H.d. J = 5 ., Hz,.7.«(,H.d. J. 5.1 Hft7J. 0 Hl* M pH s, 

5^.13, H, 3.36; N, 7.86; S, 17.44; CI, 19.20. 
Example 139(b): Methyl *«m*+V«M^ 
ben2o[b]thiophene-3-carboxylate 




-OCH 3 




20 



This material was prepared by the reaction of 7-ch.oro- 2 -methyltf,ieno[3 2- 
bjpynd.ne 139a (1.29 g. 7 mmole, with methyl e-hydroxy-S-methylbenzofblthioph ne-3- 
03^1^(2,89.9.8^, and ^(6.51 g. 20 .mote) In a fal as 
pre Vl ously described for example 1 to give a yeliow soiid (1.91 g. 74%) < H NMR 

M ^ ^t 3 ' 1 " = 54 H2> ' 8 ^ 0 H * ^ ' = 90 H2 >' 797 < 1 H ' * J = ^ Hz,. 7 .37 
2 61 (3H/s) 9 0 H2) " ^ (1H ' * ^ J = 5 4 H2) ' 3 (3H ' * 2 81 (3H ' * 

^a/.CalcdforC l9 H t5 N 3 0 2 S.0.1 c** C, 60.70; H, 4.05; N, 3.71; S, 16.97 
Found: C. 60.71; H, 4.17; N, 360; S. 17 1 1 



>-OH 

xxy 



25 



N 
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This material was prepared from methyl 2-methyl-6-(2-methylthieno[3,2-b]pyridin-7- 
ytoxy)benzo[b]thiophene-3-carboxylate 139b (1.80 g, 4.8 mmole) in a manner as previously 
described for example 1 1c to give a yellow solid (1 .41 g f 82%). 'H NMR (DMSO-d 6 ) 5 1 3.08 
(1H t bs). 8.45 (1H, d, J = 5.5 Hz), 8.43 (1H, d, J = 8.8 Hz), 7.96 (1H f d, J = 2.4 Hz), 7.35 (1H f 
5 dd, J = 2.4, 8.8 Hz), 7.32 (1 H, s), 6.66 (1 H, d, J = 5.5 Hz), 2.81 (3H, s), 2.62 (3H, s). 

Anal. Calcd for Ct8H 13 NO3S 2 *0.5 H 2 0: C, 59.32; H, 3.87; N, 3.84; S, 17.60. Found: 
C, 59.31; H, 3.74; N, 3.79; S, 17.49. 

Example 1 39(d): 2-Methyl-6-(2-methylthieno[3^b]pyridIn-7-yloxy)benzo[b]thiophene-3- 
carbonyl chloride 




This material was prepared from 2-methyl-6(2-methylthieno[3,2-b]pyridin-7- 
yloxy)benzo[b]thiophene-3-carboxylic acid 1 39c (1 .34 g, 3.8 mmole) by treatment with 
thionyl chloride (1 ml, 1.63 g. 13.7 mmole) in a manner as previously described for 

15 example 11 to give an orange solid (1.37 g. 97%). *H NMR (DMSO-d 6 ): 5 8.74 (1H, d, J = 
6.6 Hz), 8.50 (1 H, d, J = 9.0 Hz). 8.12 (1 H, d, J = 2.4 Hz), 7.60 (1 H, s), 7.48 (1 H, dd, J = 
2.4, 9.0 Hz), 7.05 (1H f d, J = 6.6 Hz), 2.83 (3H, s), 2.75 (3H, s). 

Anal, Calcd for Ci8H 12 NOS 2 CU0.9 HCI: C, 50.69; H, 3.57; N, 3.28; S, 15.04; CI, 
15.79. Found: C, 50.64; H, 3.56; N, 3.22; S, 14.98; CI, 15.65. 

20 Example 1 39: 2-Methyl-6-(2-methytthieno[3 I 2-b]pyrldln-7-yloxy)benzo[b]thiophene-3- 
carboxyllc acid (2-morpholin-4-yl-ethyl)-amide 




This material was prepared from 2-methyl-6-(2-methytthieno[3,2-b]pyridin-7- 
25 yloxy)benzo[b]thiophene-3-carbonyl chloride 139d (1 1 2 mg, 0.3 mmole) and 2-(morpholin-4- 
yl)ethylamine (157 mg, 1 .2 mmole) in a similar mannerlislf^fdescribedfor "example"108 tor 
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give a yeltow solid (t05 mg. 75%). *H NMR (DMSO^.S 8.44 (1H. d, J = 5 5 H 2 ) 8 29 ( 1H 
t. J = 4. 8 Hz).7.94(1H.d,J,8.7Hz,.7.92(1H.d. J = 2.3 Hz). 7.31 (1H s) 730MH * J 

2.64 (3H.s), 2.62 (3H,s), 2.55-2.41 (6H,m). 

61,4 H ^ ^ Cd,0r ^ N 3°3^ C, 61.64; H, 5.39; N, 8.99; S, 13.71. Found: C. 
61.34; H, 5.49; N, 8.90; S, 13.68. 

carboxylic acid (3-morpholin-4-ylpropyl)-amide 

/- NH 




<X7 

N 



This material was prepared from 2-memyl-6-(2-me1hylthienof3.2-b] P yridin-7- 
Woxy )b en 2 o [ b]thio P hene-3-ca rt ,ony1 ch.oride 139d (1 12 mg. 0.3 mmole) and 3-(morpho.in-4. 
^propwam-ne (175 mg. 1.2 mmo,e, in a similar manner as that described, or elmpTe 108 0 
9-ve a yenow sofid (64 mg. 44%). ' H NMR (DMSO-d 6 ) 5 8.43 (1H. d. J = 5.5 Hz). 8.38 (1H , 

^65^ 
2.3. 8.6 Hz). 6.59 (1H. d. J = 5.5 Hz). 3.56 (4H. t. J = 4.3 Hz). 3.33 (2H, dt J = 5 3 6 8 Hz> 

2.61 (3H. s). 2.60 (3H. s). 2.42-2.31 (6H. m). 1.72 (2H. «. J 1 6.8. 70 £ ' 

^'CalcdforC^,^^ 

Found: C. 61.53; H. 5.55; N. 8.25; S. 13.08. • • ™ °8- 

20 ^ te , T T P ' ary COmP ° UndS deSCnbed abOVe may be teSted for their «** using 
20 the tests described below. ' " 

BIOLOGICAL TESTING; ENZYME ASSAYS 

The stimulation of cell proliferation by growth factors such as VEFG FGF and 
others ,s dependent upon their induction of autophosphorylation of eatf of "their 
TZTjr^T^"™'*- ^ re,0re '^^^aprotein k inaseinhibitor 
t t indUC6d ^ ^ 9TOWth **" 18 dire «* «» «s 

alt , r reCePt0r aU, ° Ph0SPh0 ^ On - T ° — «h*protein kinase Inhibition 
activrty of the compounds, the following constructs were devised. 

VEGF-R? C onstruct for Assay- 

This construct determines the ability of a test compound to inhibit tyrosine kinase 
act.* A construct (VEGF-R2A50) of the cytosolic domain of human vascular endothelial 
growth factor receptor 2 (VEGF-R2) lacking the 50 centra, residues of the 68 residues of the 
k-nase msert domain was expressed in a baculowusrfnsect cel. system. Of the 1356 
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residues of full-length VEGF-R2, VEGF-R2A50 contains residues 806-939 and 990-1 171 , and 
also one point mutation (E990V) within the kinase insert domain relative to wild-type VEGF- 
R2. Autophosphorylation of the purified construct was performed by incubation of the enzyme 
at a concentration of 4 jiM in the presence of 3 mM ATP and 40 mM MgCI 2 in 100 mM 

5 HEPES, pH 7.5, containing 5% glycerol and 5 mM DTT, at 4 'C for 2 h : After 
autophosphorylation, this construct has been shown to possess catalytic activity essentially 
equivalent to the wild-type autophosphorylated kinase domain construct. See Parast et al., 
Biochemistry, 37, 16788-16801 (1998). 
FGF-R1 Construct for Assay: 

10 The intracellular kinase domain of human FGF-R1 was expressed using the 

baculovirus vector expression system starting from the endogenous methionine residue 456 
to glutamate 766, according to the residue numbering system of Mohammadi et al., Mol Cell 
Biol, 16, 977-989 (1996). In addition, the construct also has the following 3 amino acid 
substitutions: L457V, C488A, and C584S. 

15 VEGF-R2 Assay '< 

Coupled Spectrophotometry (FLVK-P) Assay 

The production of ADP from ATP that accompanies phosphoryl transfer was coupled 
to oxidation of NADH using phosphoenolpyruvate (PEP) and a system having pyruvate kinase 
(PK) and lactic dehydrogenase (LDH). The oxidation of NADH was monitored by following 

20 the decrease of absorbance at 340 nm (e^ = 6.22 cm* 1 mM* 1 ) using a Beckman DU 650 
spectrophotometer. Assay conditions for phosphorylated VEGF-R2A50 (indicated as FLVK-P 
in the tables below) were the following: 1 mM PEP; 250 jiM NADH; 50 units of LDH/mL; 20 
units of PK/mL; 5mM DTT; 5.1 mM poly(E 4 Y 1 ); 1 mM ATP; and 25 mM MgCI 2 in 200 mM 
HEPES, pH 7.5. Assay conditions for unphosphorylated VEGF-R2A50 (indicated as FLVK in 

25 the tables) were the following: 1 mM PEP; 250 \M NADH; 50 units of LDH/mL; 20 units of 
PK/mL; 5 mM DTT; 20 mM poly^Yi); 3 mM ATP; and 60 mM MgCI 2 and 2 mM MnCI 2 in 200 
mM HEPES, pH 7.5. Assays were initiated with 5 to 40 nM of enzyme. K| values were 
determined by measuring enzyme activity in the presence of varying concentrations of test 
compounds. The percent inhibition at 50 nm (% inhibition @ 50 nm) was determined by linear 

30 least-squares regression analysis of absorpbance as a function of time. The binding 
inhibitions were fitted to equation as described by Morrison. The data were analyzed using 
Enzyme Kinetic and Kaleidagraph software. 
FGF-R Assay 

The spectrophotometric assay was carried out as described above for VEGF-R2, 
35 except for the following changes in concentration: FGF-R = 50 nM, ATP = 2 mM, and 
poly(E4Y1) = 15mM. 
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HUVEC ± VPQF Pmlifpratinn t^y 



™ ,S assa V determ ^ the ability of a test compound to inhibit the growth factor- 
stmulated proliferation o, human umbilica. vein endo.he.ia. ce..s ("HUVEC-) HUV E c 
<*.«s (passage 3-4. Qonetcs. Corp.) were thawed into EGM2 cuKure medium (C.one«ics 

o?r d T FreShEGM2 - di — ^^e^ 2 4hours,ae, Z 
or fi e days ta ,er. ce.,s were exposed to another cu,«ure medium (F12K medium 
supptemented with 10 % feta, bovine serum (PBS). 60 ,g/mL endothe ia, ce„ g I 
upplement (ECGS). and 0, mg/mL hepann). Exponenfia^rowing HUVEC ce„ w^ 
us d-nexpenmentsthereafter. Ten to twelve thousand HUVEC cells were plated In96- 

^-sweLnow dte 

1 rrr r edia (fi2k+i% fbs) was added to each *»» . « * 0 » 

est agent d.sso,ved in 1 % DMSO h starvafion medium or this vehide a,one was added 
of VEGF (30 ng/mL) ,n starvation media was added to a.. we..s except those containing 

zz r;r : e fin r vegf — - 6 c*l«jzz 

ZZ ZZ V ^ * redUC,, '° n - 3t ^ ^ «* — -P— for 4 

ours MTT (Promega Corp.,. Dye reducfion was stopped by add-on o, a stop solution 
(Promega Corp, and absorbance at 5g5 nm ^ P ^ 

20 spectrophotometer plate reader. 



Mouse PK Aacay 



» . 3*70 (PEG 400: «w ^ ^ ^ ^ » « 

2500 n.m .„ 5 ™„. Tes , compos extaaM „„„ „,„ 9 " 

veneaett te 2 ^ M te spu „ „ 40M J^' 
pnMee, end nan*, on. ,» Kst Ne>t ^ a J 

25 unde, a s ,e am „, „, ga5 . To eaen ^ ^ ^ 

" n r* (6o:4 °- 0025 m nh,H!to - * " te *-»*>> 

The tea. co„,p„,„d was reopen,,* ,„ moMe ^ „ y 

~~d by ^.on a, 4000 nan, ,„ 5 *„. Each a, mpla waa pon« m ^ 
.o. M nonpar a n a „si s on an Hewlett PeeKeni „00 aenes HPLC w* UV ttetecfen 
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From each sample, 95 pL was injected onto a Phenomenex-Prodigy reverse phase C-18, 150 
x 3.2 mm column and eluted with a 45-50% acetonitrile gradient run over 10 min. Test- 
compound plasma concentrations (pg/mL) were determined by a comparison to standard 
curve (peak area vs. cone. pg/mL) using known concentrations of test compound extracted 
5 from plasma samples in the manner described above. Along with the standards and 
unknowns, three groups (n=4) of quality controls (0.25 pg/mL, 1.5 pg/mL, and 7.5 pg/mL) 
were run to insure the consistency of the analysis. The standard curve had an R 2 > 0.99 and 
the quality controls were ail within 10% of their expected values. The quantitated test 
. samples were plotted for visual display using Kalidagraphsoftware and their pharmacokinetic 

10 parameters were determined using WIN NONLIN software. 
Human Liver Microsome (HLM) Assay 

Compound metabolism in human liver microsomes was measured by LC-MS 
analytical assay procedures as follows. First, human liver microsomes (HIM) were thawed 
and diluted to 5 mg/mL with cold 100 mM potassium phosphate (KP0 4 ) buffer. Appropriate 

15 amounts of KP0 4 buffer, NADPH-regenerating solution (containing B-NADP, glucose-6- 
phosphate, glucose-6-phosphate dehydrogenase, and MgCI 2 ). and HLM were preincubated in 
13 x 100 mm glass tubes at 37°C for 10 min. (3 tubes per test compound-triplicate). Test 
compound (5 pM final) was added to each tube to initiate reaction and was mixed by gentle 
vortexing, followed by incubation at 37°C. At t=0 f and 2 h, a 250-uL sample was removed 

20 from each incubation tube to separate 12 x 75 mm glass tubes containing 1 mL ice-cold 
acetonitrile with 0.05 pM reserpine. Samples were centrifuged at 4000 rpm for 20 min. to 
precipitate proteins and salt (Beckman Allegra 6KR, S/N ALK98D06, #634). Supernatant was 
transferred to new 12 x 75 mm glass tubes and evaporated by Speed- Vac centrifugal vacuum 
evaporator. Samples were reconstituted in 200 pL 0.1% formic acid/acetonitrile (90/10) and 

25 vortexed vigorously to dissolve. . The samples were then transferred to separate 
polypropylene microcentrifuge tubes and centrifuged at 14000x g for 10 min. (Fisher Micro 14, 
S/N M0017580). For each replicate (#1-3) at each timepoint (0 and 2 h), an aliquot sample of 
each test compound was combined into a single HPLC vial insert (6 total samples) for LC-MS 
analysis, which is described below. 

30 The combined compound samples were injected into the LC-MS system, composed 

of a Hewlett-Packard HP1100 diode array HPLC and a Micromass Quattro II triple quadruple 
mass spectrometer operating in positive electrospray SIR mode (programmed to scan 
specifically for the molecular ion of each test compound). Each test compound peak was 
integrated at each timepoint. For each compound, peak area at each timepoint (n=3) was 

35 averaged, and this mean peak area at 2 h was divided by the average peak area at time 0 
hour to obtain the percent test compound remaining at 2 h. 
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.KDR (VEGFR?) D h QS nhnr Y < a> .no jn pAE-KnR mi* assay 

This assay determines the ability of a test compound to inhibit the 
autophosphory.ation of KDR in porcine aorta endo.he.ia. (PAE)-KDR ce«.s. PAE ceils tha, 
ogress human KDR were used in this assay. Tne ceiis were cuitured in Ham, F12 
5 medra suppiemented with 10% fetai bovine serum (FBS) and 400ug/mL G418 Thirty 

aTZT T :? ^ ^ ° f 3 ^ P ' a,e 75 * L ° f V™* — i and 

hZ t ' 6 h ° UrS ^ 37 ' C - Ce " S W6re «"-" *> *• nation media 
(Hams F12 med.a supplemented with 0.1% FBS) for 16 hours. After the starvation period 

.0 aid 7\", t ^ feSt 39ent 5% DMS ° " S,a ^ ,i0n ^ <« — to — 

Z fnl DMS ° in StarVafi ° n W6re ^ - -tro, we,,, 

The final DMSO concentration in each we., was 0.5%. Rates were incubated at 37'C for 1 

» £2 nt ^ StimU ' ated ^ " QM VEGF (COmmerCia " y — * <™ " 
& D System) ,n the presence of 2mM Na 3 VO< for 8 minute, The ceMs were washed once with 

. 5 Zn bT HBSS ,VSed ^ addin9 50 " L ^ ^ " ** bUff - 0ne ^ ML of 

ZZ 0^ TT ^ t0 ^ ^ ^ d,,Uted - *- WaS a 
96-weH goat ant-rabbt coated p.ate (commercial avai,ab.e from Pierce) which was pre- 

W " 0/ T 3 1 W8re ,nCUbated 3t r °° m ,emPeratUre for 2 h ° UrS and washed -ven times 
wrth 1% Tween 20 ,n PBS. HRP-PY20 (commerdaily avai.ab.e from Santa Cruz) was di.uted 
20 and added ,o »e plate for a 30-minute incubation. Plates were »en washed a^and TMB 
pero^dase substrate (commercially available from Kirkegaard & Perry) was added for a 10- 
m,nufe incubation. One hundred pL of 0.09 N H 2 SO« was added to each we., of the 96-we.. 
rtadTnoVl 1 " 6 T Status ™* messed by spectrophotometer 

25 anatl " ^ T ■* ~ — "*» a fo " r «ter 

PAE-PDGFRft phosphorylation in PAE-PnoFPR 

This assay determines the abilfty of a test compound to inhibit the 
autophosphoryiation of PDGFRp in porcine aorla endothelial (PAE). PDGFRp cells PAE cells 
ft* overexpress buman PDGFRp were used in this assay. The cells were cultured in Ham's 
» F12 medra supplemented with 10% feta. bovine serum (FBS) and 400ug/m. G418. Twenty 
tiiousands ce..s were seeded in each we., of a 96-weH p,ate in 50 pL of growth media and 

H Z ^ 6 h ° UrS 31 37 ° C - Ce " S ^ - —~ to - -"-■» media 

(Hams F12 med,a supp.emented with 0.1% FBS) for 16 hour, After the starvation period 

was over. 10 pL of test agent in 5% DMSO in starvation media were added to the test we..s 

and 10 pL of the vehide (5% DMSO in starvation media) were added into the contro. we..s 

The final DMSO concentration in each well was 0.5%. Plates were incubated at 37'C for 1 
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hour and the cells were then stimulated with 1ng/mL PDGF-BB (R&D System) in the 
presence of 2mM Na 3 V0 4 for 8 minutes. The cells were washed once with 1 mm Na 3 V0 4 in 
HBSS and lysed by adding 50 \xL per well of lysis buffer. One hundred u.L of dilution buffer 
were then added to each well and the diluted cell lysate was transferred to a 96-well goat ant- 

5 rabbit coated plate (Pierce), which was pre-coated with Rabbit anti Human PDGFR0 antibody 
(Santa Cruz). The plates were incubated at room temperature for 2 hours and washed seven 
times with 1% Tween 20 in PBS. HRP-PY20 (Santa Cruz) was diluted and added to the plate 
for a 30-minute incubation. Plates were then washed again and TMB peroxidase substrate 
(Kirkegaard & Perry) was added for a 10-minute incubation. One hundred u.L of 0.09 N H 2 S0 4 

10 was added into each well of the 96-well plate to stop the reaction. Phosphorylation status was 
assessed by spectrophotometer reading at 450 nm. IC50 values were calculated by curve 
fitting using a four-parameter analysis. 

The results of the testing of the compounds using various assays are summarized in 
Tables 1 and 2 below, where a notation of M % @" indicates the percent inhibition at the stated 

15 concentration. 

All of the amines listed in Table 3 were reacted with Example 101 and are denoted as 
R 10 i in Table 3 having the following structure: 




The library plates for Table 3 were prepared in the following general manner: 

20 General Procedure for amide bond formation: 

0.13 M solution of each amine in Table 3 in a 1:1 mixture of anhydrous pyridine and 
DMF were prepared and placed into the appropriate wells of a 1 mL deepwell plate. 0.10 M 
solution of Example 101 in a DMF solution was prepared and added to each well. The 
reactions were agitated at 50°C for 4 h. The volatiles were removed using the Speedvac™ 

25 apparatus, and the crude mixtures were reconstituted in DMSO to afford solutions with a final 
theoretical concentration of 0.01 M. 

30 
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TABLE 1 
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TABLE 1 




Compound 


FLVK 

/€>/ inh (ch 

(vo inn *& 
50 nM) 


FLVK Ki 


HUVEC + 
v cur 

IC50 (nM) 
AVG 


PAE KDR 

IC50 (nM) 
AVG 


PAE 
PDGFR 
autophos 
IC50 (nM) 

AV« 


bFGF 
Huvec 
IC50 fnM) 
Avg. 


32 


22% 


39.4 


NT 


NT 


29.2 


NT 


33 


61% 


11.5 


10 


NT 


63 


mnnn 


34 


45% 


11.4 


NT 


NT 


31.3 


IN 1 


35 


23% 


35.166 


NT 


NT 


70 


IN 1 


36 


41% 


11.513 


NT 


NT 


NT 


IN i 


37 


66% 


4.3 


10 


NT 


1000 


N 1 


38 


60% 


6.12 


27 


NT 


12.3 


lUUUU 


39 


12% 


47 


8.7 


NT 


61 


IN 1 


40 


77% 


2.95 


1.12 


NT 


24.2 


/ /yo 


41 


71% 


3.3 


3.7 


NT 


22.1 




42 


76% 


2.8 


4.34 


NT 


8.9 


NT 


43 


67% 


3.21 


10 


NT 


1000 


IN 1 


44 


87% 


1.2 


1.78 


NT 


21.26 


oUoo 


45 


64% 


4.65 


10 


NT 


26.9 


IN 1 


46 | 


68% 


6.49 


3.13 


NT 


NT 


IN 1 


47 


41% 


19.7 


NT 


NT 


NT 


NT 


48 


91% 


NT 


0.94 


NT 


21 




49 


67% 


16 


7 


NT 


NT 


IN 1 


50 


36% 


36.5 


NT 


NT 


NT 


IN 1 


51 


34% 


27.7 


82 


NT 


NT 


MT 
IN 1 


52 


41% 


24.9 


NT 


NT 


NT 


! MT 1 
IN 1 


53 


93% 


1.07 


1.8 


NT 


229 




54 


89% 


1.71 


1.8 


NT 


133 


i 1 nnno 


55 


62% 


4.86 


5.8 


NT 


31 


NT 


56 


60% 


3.8 


| 22 


NT 


109 


10000 


57 


63% 


9.8 


NT 


87 


NT 




58 


55% 


7.59 


3.65 


NT 


124 


7830 


59 


81% 


1.378 


0.045 


NT 


115 


1164 


60 


81% 


2.17 


1.34 


NT 


38.3 


1703 


61 


89% 


NT 


0.605 


0.4 


17.8 


3995 


62 


91% 


0.57 


2.15 


0.24 


18.7 


619 


63 


67% 


9.33 


10 


NT 


84 


10000 


64 


64% 


11.8 


10 


NT 


1000 


10000 
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TABLE 1 


Compound 


FLVK 
(°L inh @ 
50 nM) 


FLVK Ki 


HUVEC + 
VEGF 

IC50 (nM) 
AVG 


PAE KDR 

IC50 (nM) 
AVG 


PAE 
PDGFR 
autophos 
IC50 (nM) 

A Via 


bFGF 
Huvgc 
IC50 (nM) 
Avg. 


98 


86% 


0.38 


9.4 


NT 


126.6 


NT 


99 


66% 


4.68 


NT 


NT 


562.6 


NT 


100 


0% 


NT 


NT 


NT 


NT 


NT 


102 


96% 


0.91 


0.186 


NT 


49 


1718 


103 


52% 


7 


NT 


NT 


203.4 


NT 


104 


100% 


NT 


8.4 


NT 


163.9 


227 


105 


61% 


8.37 


NT 


NT 


127 


NT 


106 


98% 


NT 


10 


NT 


1000 


638 


107 


17% 


36.69 


NT 


NT 


NT 


NT 


108 


61% 


NT 


NT 


NT 


NT 


NT 


109 


82% 


NT 


NT | 


NT 


NT 


NT 


110 


21% 


NT 


NT 


NT 


NT 


NT 


111 


96% 


NT 


NT 


NT 


NT 


NT 


112 


91% 


NT 


NT 


NT 


NT 


NT 


113 


99% 


NT 


NT 


NT 


NT 


NT 


114 


16% 


118.85 


NT 


NT 


1000 


NT 


115 


4% 


NT 


NT 


NT 


1000 


NT 


116 


4% 


NT 


NT 


NT 


NT 


NT 


117 


87% 


0.2 


0.07 


NT 


189 


86 


118 


84% 


1.2 


0.9 


NT 


1000 


736 


119 


95% 


0.375 


1.46 | 


NT 


90.6 


1827 


120 


93% 


0.6 


0.491 


NT 


405 


489 


| 121 


94% 


0.2 


0.24 


NT 


220 


100 


122 


58% 


5.14 


NT 


NT 


351 


NT 


123 


74% 


2.63 


10 


NT 


229 


NT 


124 


82% 


2.19 


1.6 


NT 


376 


8243 


125 


95% 


0.219 


2 


NT 


179 


969 


126 


96% 


0.5896 


10 


NT 


336 


5656 


127 


100% 


0.2 


1 


NT 


102 


41 


128 


91% 


0.57 


0.13 


NT 


148 


100 


129 


88% 


0.2 


0.219 


NT 


168 


100 


130 


95% 


0.39 


0.49 


NT 


335 


100 


131 


96% 


0.2 


1.89 


NT 


97 


260 
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TABLE 1 " 


Compound 


FLVK 

(% inh @ 
50 nM) 


FLVKKi 
(nM) 


HUVEC + 

VEGF 
IC50 (r\M\ 

******* 

AVG 


rAt KDR 

autophos 
AVG 


PAE 
PDGFR 
autophos 
IC50 (nM) 
AVG 


I bFGF 
Huvec 
IC50 (nM) 
Avg. 


132 


80% 


1.78 


5.8 


NT . 


467 


NT 


133 
"l34 


40% 


5.9 


NT 


NT 


467.9 


NT 


~135 


94% 


1.44 


0.656 


NT 


176.9 


1070 




87% 


1.5411 


1.02 


NT 


212 


559 


136 


88% 


1.1704 


10 


NT 


609 


NT 


137 


64% 


5.1 


2.1 


NT 


213 


294 


138 


85% 


0.78 


9.9 


NT 


110 


NT 


139 


40% 


NT 


NT 


NT 


NT 


NT 


140 


90% 


NT 


NT 


NT 


NT 


NT 
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TABLE 2 


Compound 


mouse PK 
h/mL** 


mouse Cmax, 

nn /nn/ml \ 


mouse Cmin, 
do fna/mLl 


% remain 
(HLM- 
UDPGA, 0.5 
h) 


% remain 
(HLM- 
NADPH, 0.5 
h) 


1 


182608 


124745 


2793 


NT 


NT 


2 


NT 


NT 


NT 


NT 


NT | 


3 


2450 


956 


66 


NT 


NT 


4 


7674 


2340 


200' 


NT 


NT 


5 


12254 


6743 


256 


NT 


NT 


6 


586 


355 


20 


NT 


NT 


7 


NT 


NT 


NT 


NT 


NT 


8 


2348 


666 


105 


NT 


NT 


9 


NT 


NT 


NT 


NT 


NT 


10 


NT 


NT 


NT 


NT 


NT 


11 


NT 


NT 


NT 


NT 


NT 


12 


11970 


5423 


270 


NT 


NT 


13 


63000 


24760 


1700 


NT 


NT 


14 


NT 


NT 


NT 


NT 


NT 


15 


NT 


NT 


NT 


NT 


NT 


16 


NT 


NT 


NT 


NT 


NT 


17 


71580 


28817 


2334 


NT 


NT 


18 


8724 


4120 


342 


NT 


NT 


19 


120 


51 


4 


NT 


NT 
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TABLE 3 



Amine 



%TIC FLV »<(%@100 
nM) 



H R,oiHN 



56.552 



J"" 



|R, M HN 



O 



NHR,^ 




N 
H „ 



5.4277 



88.1771 



52 



53 7991 103 



26 



51.8111 79 



20 



75 



16 



55.2161 17 



. PAE PDGFR 
FGF (%@ 100nM)| autophos IC50 
(nM) 



NT 



NT 



20 



NT 



35 



NT 



NT 



49 



53 



NT 



50 



NT 



>100 



NT 



NT 
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TABLE 3 


Amine 


%TIC 


FLVK (% @ 100 
nM) 


FGF(%@100nM) 


PAE PDGFR | 
autophos IC50 
(nM) 




65.4679 


68 


0 


>100 




95.752 


36 


NT 


NT 




97.7442 


24 


NT 


NT 




65.2303 


20 


NT 


NT 




48.6673 


22 


NT 


NT 


N ^ 
H 


45.8972 


24 


MT 

NT 


MT 
IN I 




12.783 


90 


20 


>100 


^101 

0 


55.6 


14 


NT 


NT 


n Jr 5 


0 


20 

%. 


NT 


NT 
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TABLE 3 


Amine 


% TIC 


FLVK (% @ 100 
nM) 


FGF(%@100nM) 


PAE PDGFR 
autophos IC50 
(nM) 


H 


29.8321 


87 


0 


57 


R 101 HN^CO 


10.8303 


29 


NT 


NT 




77.1177 


16 


NT 


NT 




0 


20 


NT 


NT 


jj — 0 
H 3 C^N^NHR J0 , 


0 


13 


NT 


NT 




55.2355 


14 


NT 


NT 


XJ 


0 


14 


NT 


NT 


9 H 3 

0 

NR101 
H 3 C 


49.6134 


25 


NT 


NT 




43.8419 


25 


NT 


NT 
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TABLE 3 






I Amine 


%TIC 


. FLVK (% @ IOC 
nM) 


} FGF(%@l00nM 


PAE PDGFR 
) autophos IC50 
(nM) 


Wo. 

<> 


11.5047 


21 


NT 


NT 


H 


75.9693 


96 . 


0 


f ~ 100 


ji JL 

R.o.HN^N'^CHj 


0 


10 


NT 


NT 




28.1067 


13 


NT 


NT 


1 F p 


28.1967 


97 


0 




>100 


RtoiHN 


24.8781 


28 


NT 


NT 


i n 


0 


X 10 


NT 


NT 
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TABLE 3 


Amine 


%TIC 


FLVK (% @ 100 
nM) 


FGF(%@100nM) 


PAE PDGFR 
autophos IC50 
(nM) 


H 

jf >-NHR 1M 


22.1224 


8 


NT 


NT 




1.78077 


7 


NT 


NT 


P t_K| _ 


0 j 


18 


NT 


NT 


NHR 101 
HaC-0^ CH3 


0 


22 


NT 


NT 


R,o,HN 

HO^p-CH3 


28.8916 


87 


13 


-100 




CA QCQ7 

50.009/ 


id 


MT 
IN 1 


MT 
IN 1 


NHR 101 

H3C N 

6 


1.10495 


13 


NT 


NT 


R 101 HN^S^^ 


36.7228 


100 


4 


>100 
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TABLE 3 


Amine 


%TIC 


FLVK (% @ 10( 
nM) 


} FGF(%@100nM 


PAE PDGFR 
) autophos IC50 
(nM) 


Br 
ON 


0 


4 


NT 


NT 




0 


15 


NT 


NT 


7 

NHR |01 


24.5486 


36 


NT 


NT 


f 3 

H 3 C^N- CH 3 

R 101 


22.7289 


17 


MT 


NT 


H 3 C^O^ NHR ioi 


55.7071 (I 


94 


0 


61 


0 

R 101 


25.3022 


51 


NT 


>100 




74.3164 


91 


NT 


>100 




0 


23 


8 


NT 
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TABLE 3 


Amine 


%TIC 


FLVK (% @ 100 
nM) 


FGF(%@100nM) 


PAE PDGFR 
autophos IC50 
(nM) 


H 

NH 0 

R I01 


4.01991 


13 


NT 


NT 


R 101 HN^\^\^i 


43.6451 


85 


7 


>100 




15.565 


96 


0 


>100 


NHR 101 

N 
H 


0 


5 


NT 


NT 




58.6541 . 


101 


0 


57 


NHR, 0 , 

H,C -IT* 
CH 3 H 


20.5224 


100 


56 


>100 




29.3082 


22 


NT 


NT 


%^NHR 101 
CH 3 


3.03715 


56 


3 


>100 
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TABLE 3 


Amine 


%TIC 


FLVK (% @ 100 
nM) 


FGF (%@100nM) 


PAE PDGFR 
autophos IC50 
(nM) 


\iJl nhfl m 
H 


41.0058 


25 


NT 


NT 


H,C^// 


0 


13 


NT 


NT 


Ij — j| 

yS^NHR^ 
F p F 


45.0518 


85 


3 


>100 


OH 

N 
H 


38.7067 


12 


NT 


NT 


HO 


33.1065 


85 


0 


-100 




1.9193 


35 


NT 


NT 


H 


0 


61 


0 


>100 
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TABLE 3 


Amine 


%TIC 


FLVK (% @ 100 
nM) 


FGF(%@100nM) 


PAE PDGFR 
autophos IC50 
(nM) 


NHR 101 

""TO 


! 24.2001 


46 


NT 


NT 



The exemplary compounds described above may be formulated into pharmaceutical 

compositions according to the following general examples. 

Example 1 : Parenteral Composition 
5 : To prepare a parenteral pharmaceutical composition suitable for administration by 

injection, 100 mg of a water-soluble salt of a compound of Formula I is dissolved in DMSO 

and then mixed with 10 mL of 0.9% sterile saline: The mixture is incorporated into a dosage 

unit form suitable for administration by injection. 

Example 2: Oral Composition 
10 To prepare a pharmaceutical composition for oral delivery, 100 mg of a compound of 

Formula I is mixed with 750 mg of lactose. The mixture is incorporated into an oral dosage 

unit for, such as a hard gelatin capsule, which is suitable for oral administration. 

It is to be understood that the foregoing description is exemplary and explanatory 

in nature, and is intended to illustrate the invention and its preferred embodiments. 
15 Through routine experimentation, the artisan will recognize apparent modifications and 

variations that may be made without departing from the spirit of the invention. Thus, the 

invention is intended to be defined not by the above description, but by the following 

claims and their equivalents. 
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CLAIMS 
We claim: 

1 • A compound represented by the formula I: 




wherein: 

Yis^H^-0- f -S-,or-CH 2 -; 
Z is -0-, -S-, or -N-; 



R t4 is a C r Ce alkyf. C,-C G alkylamino, C r C 6 alkylhydroxy, C 3 -C 10 cycloalkylamino, or 
10 methylureido group; 

R 15 and R 17 are independently H, halo, or a C,-C 6 alkyl group unsubstituted or 
substituted by one or more R s groups; 

R 1 * is H or a C r C 6 alkyl group when 2 is N, and R 18 is absent when 2 is^O- or-S-; 
R t1 is H. Cl -C 6 alkyl, C3-C 10 cycloalkyl, -C(0)NR' 2 R ' 3 , -C(O)(C 6 -C 10 aryl), -(CH 2 ) l( C r 
C10 aryl), -(CH 2 ) t (5 to 10 membered heterocyclic), -(CH 2 ) t NR 12 R 13 , -S0 2 NR 12 R 13 or -C0 2 R 12 
wherein said C r C 6 alkyl, -qOXCVCo aryl), .(CH 2 ) l( C 6 -C 10 aryl), and .(CH 2 ) t (5 to 10 
membered heterocyclic) moieties of the said R» groups are unsubstituted or substituted by 
one or more R 5 groups; 

each R s is independently selected from halo, cyano, nitro, trifluoromethoxy, 
trifluoromethyl. azido. -C(0)PP, -C{0)OR 9 . -OC(0)R 9 . -OC(0)OR B -NR 6 C(0)R 7 
■CJOjllrtW, 4WW. -OR 9 . -S0 2 NR 9 R 7 , 0,-0, aiky.. C 3 -C 10 cyc.oa.kyl. 0,-0, a.ky.amino 
-(CH^CH^NrV. -(CH 2 ),0(CH 2 ) q 0R 9 . -(CH^OR 9 . -S^O-Ce alkyl). -(CH 2 ),(C 6 -C, 0 
aryl). -(CH 2 ),(5 to 10 membered heterocyclic). -C(O)(CH 2 ),(C 6 -C 10 aryl). -(CH 2 ) t O(CH 2 ) i (C 6 -C 10 
aryl). -(Chy.OfCH^S to 10 membered heterocyclic). -C(0)(CH 2 ),(5 to 10 membered 
25 heterocyclic). -(CH^NR^CH^NR'r 7 . -(CH^NR'CHjCCONRV. 

-(CH 2 ) j NR 7 (CH 2 ) q NR 9 C(0)R 8 . (CH 2 ) i NR 7 (CH 2 ),0(CH 2 ) q OR 9 . -(CH^NR^^SfOWC-C,, 
alkyl). -(CH 2 ) j NR 7 (CH 2 ) l R 6 . -SCMCH^CVCo aryl). and -SO^MS to 10 membered 
heterocyclic), the -(CH 2 ) q - and -(CH,),- moieties of the said R s groups optionally include a 
carbon-carbon double or triple bond, and the alkyl. aryl and heterocyclic moieties of the said 

9roups are "substituted or substituted with one or more substituents independently 
selected from halo, cyano, nitro. trifluoromethyl. azido. -OH. -C(0)R 8 . -0(O)OR 9 -OC(0)R s - 
OC(0)OR 9 . -NR 6 C(0)R 7 . -C(0)NR 9 R 7 . -(CH 2 ),NR 6 R 7 . 0,-0, alkyl. C3-C, 0 cyc.oa.kyl. 
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-(CH 2 )t(C 6 -C 10 aryl), -(CH 2 ) t (5 to 10 membered heterocyclic), -(CH 2 ),0(CH 2 ) q OR 9 , and 
-(CH 2 ),OR 9 ; 

each R 6 and R 7 is independently selected from H, OH, C r C 6 alky!, C 3 -C 10 cycloalkyl, 
-(CH 2 ) I (C 6 -C 10 aryl), -(CH 2 ) t (5 to 10 membered heterocyclic), -(CH 2 ) t O(CH 2 ) q OR 9 , - 
5 (CH 2 ),CN(CH 2 ) t OR 9 , -(CH 2 ),CN(CH 2 ),R 9 and -(CH^OR 9 , and the alkyl, aryl and heterocyclic 
moieties of the said R 6 and R 7 groups are unsubstituted or substituted with one or more 
substituents independently selected from hydroxy, halo, cyano, nitro, trifluoromethyl, azido, - 
C(0)R 8 , -C(0)OR 8 , -CO(0)R 8 , -OC(0)OR 8 , -NR 9 C(0)R 1 °, -C(0)NR 9 R 1 °, -NR 9 R 10 , Ci-C 6 alkyl, 
-(CH 2 ) t (C 6 -C 10 aryl), -(CH 2 ) t (5 to 10 membered heterocyclic), -(CH 2 ) t O(CH 2 ) q OR 9 , and - 
10 (CH 2 )tOR 9 , where when R 6 and R 7 are both attached to the same nitrogen, then R 6 and R 7 are 
not both bonded to the nitrogen directly through an oxygen; 

each R 8 is independently selected from H, Ct-C 10 alkyl, C3-C10 cycloalkyl, 
-(CI-feMCs-Cio aryl), and -(CH 2 )i(5 to 10 membered heterocyclic); 

t is an integer from 0 to 6; j is an integer from 0 to 2; q is an integer from 2 to 6; 
15 each R 9 and R t0 is independently selected from H, -OR 6 , d-C 6 alkyl, and 

C3-C 10 cycloalkyl; and 

each R 12 and R 13 is independently selected from H, CrC 6 alkyl, C 3 -Ci 0 cycloalkyl, - 
(CH 2 )t(C 3 -C 10 cycloalkyl), -(ChfcMCe-Cio aryl), -(CH 2 ) t (5 to 10 membered heterocyclic), 
-(CH 2 )tO(CH 2 ) q OR 9 , and -(CHJtOR 9 , and the alkyl, aryl and heterocyclic moieties of the said 
20 R 12 and R 13 groups are unsubstituted or substituted with one or more substituents 

independently selected from R 5 , or R 12 and R 13 are taken together with the nitrogen to which 
they are attached to form a C 5 -C 9 azabicyclic, aziridinyl, azetidinyl, pyrrolidinyl, piperidyl, 
piperazinyl, morpholinyi, thiomorpholinyl, isoquinolinyl, or dihydroisoquinolinyl ring, wherein 
said C5-C9 azabicyclic, aziridinyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyi, 
25 thiomorpholinyl, isoquinolinyl, or dihydroisoquinolinyl rings are unsubstituted or substituted 
with one or more R 5 substituents, where R 12 and R 13 are not both bonded to the nitrogen 
directly through an oxygen; 

or prodrugs or metabolites thereof, or pharmaceutical^ acceptable salts or solvates of 
said compounds and said prodrugs and said metabolites. 
30 2. A compound of claim 1 , wherein R 11 is a thiazolyl, unsubstituted or substituted by 1 to 
5 R 5 groups. 

3. A compound of claim 1 , wherein R 11 is an imidazolyl, unsubstituted or substituted by 1 
to 5 R s groups. 

4. A compound of claim 1 , wherein R 16 is methyl. 
35 5. A compound of claim 1 , wherein R 14 is methyl. 

6. A compound represented by the formula II: 
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wherein: 

Zis-O-, -S-,or-N- 
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R M is a C,-Ce alkyl. C-C alkylamino, C,-C 6 alkylhydroxy, C 3 -C 10 cycloalkylamino or 
methylureido group; 

R ,« an<1 independent| y H - ^ or a C,-C 6 alkyl group; 

R' 8 is H or a C,-C 6 alkyl group when 2 is -N- and R 16 is absent when Z is -O- or-S- : 
R is a heteroaryl group unsubstituted or substituted by one or more halo, cyano, 
nitro, trifluoromethoxy, trifluoromethyl, azido, -C(0)R 8 , -C(0)0R 8 

-OC(0)R 8 , -OCfOJOR 8 , -NR 8 0(O)R 7 , -C(0)NR 8 R 7 . -NR 8 R 7 . -OR 9 -S0 2 NR 8 R 7 , C,-C 6 alkyl C 3 - 
Gn cycloa.kyl. -(C^OfCH^NR^. -(CH^CH^OR 9 . -(CH 2 ),OR 9 , -S^rfC-Ce alky.).' - 
(CH 2 ) t (C6-C,o aryl), -(CH 2 ),(5 to 10 membered heterocyclic), 

-CCOMCH^^Cs-Co aryl). -(CH^CH^-Co aryl). -(CH 2 i 1 0(CH 2 ) q (5 to 10 membered 
heterocyclic). -C(O)(0H 2 ),(5 to 10 membered heterocyclic). -(CH 2 ) i NR 7 (CH 2 ) q NR 6 R 7 

-(CH 2 ) i NR 7 CH 2 C(0)NR e R 7 .-(CH 2 , j NR 7 (CH 2 ) q NR 9 C(0)R 8 .-(CH 2 , j NR 7 (CH 2 ),0(CH 2 ) q OR 9 
•(CH 2 )jNR (CH^StOMC-Ce alkyl), -(CH^NR'-fCW*, -SO^CH^-Co aryl). and ' ■ 
-SO.fCH.MS to 10 membered heterocyclic), the -(CH 2 ) q - and -(CH 2 ) r moieties of the said R s 
groups optionally include a carbon-carbon double or triple bond, and the alkyl, aryl and 
heterocyclic moieties of the said R s groups are unsubstituted or substituted with one or more 
substiluents independently selected from halo, cyano. nitro. trifluoromethyl, azido -OH - 
C(0)R , -C(0)OR 8 . -O0(O)R 8 . -00(0)0*. -NR 6 C(0)R 7 . -C(0)NR 8 R 7 . .(CH 2 ),NR 8 R 7 C.-Ce 
alkyl. O3-C0 cycloalkyl. -(CH.MCe-Co aryl), .(CH 2 ),(5 to 10 membered heterocyclic) 
-(CHjMCH^OR 9 . and -(CH 2 ),OR 9 ; 

each R 8 and R 7 is independently selected from H. OH. C,-C 6 alkyl. C 3 -C 10 cycloalkyl. 
-(CHzMCs-Co aryl). -(CH 2 ),(5 to 1 0 membered heterocyclic), -(CH^OfCHjkOR 9 - 
(CH 2)l CN(CH 2)t OR 9 . -(C^.CNfCH^R 9 and -(CH 2 ),OR 9 . and the alkyl, aryl and heterocyclic 
mo.et.es of the said R 8 and R 7 groups are unsubstituted or substituted with one or more 
subverts independently selected from hydroxy, halo, cyano, nitro, trifluoromethyl azido - 
C(0)R . -C(0)OR 8 , -COfOR 8 . -OC(0)OR 8 . -NR 9 0(O)R«. -C(0)NR 9 R'°. -NR 9 R 10 , C,-C 6 alkyl. 
•(CH 2 ) t (C 6 -C,o aryl). -(CH^S to 1 0 membered heterocyclic). -(CH^OfCH^OR 9 , and - 
(CH 2 ),OR 9 . where when R 6 and R 7 are both attached to the same nitrogen, then R 6 and R 7 are 
not both bonded to the nitrogen directly through an oxygen; 

each R 8 is independently selected from H. 0,-0,0 alkyl. C 3 -C 10 cycloalkyl. 
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-(CH 2 )t(C 6 -Cto aryO. and -(CH 2 ),(5 to 10 membered heterocyclic); 

each R 9 and R 10 is independently selected from H, C r C 6 alkyl, and C 3 -C 10 cycloalkyl; 

t is an integer from 0 to 6; j is an integer from 0 to 2; q is an integer from 2 to 6; 
or prodrugs or metabolites thereof, pharmaceutical^ acceptable salts or solvates of said 
. 5 compounds, said prodrugs, or said metabolites. 

7. A compound of claim 6, R 14 is methyl. 

8. A compound represented by the formula IV: 




IV 



wherein: 

10 R t4 is a C r C 6 alkyl, C,-C 8 alkyiamino, C,-C 6 ^Ikylhydroxy, C 3 -C 10 cycloalkytamino, or 

methylureido group; 

R 15 and R 17 are independently H, halo, or a Ci-C 6 alkyl group; 

R 11 is a heterocyclic or a heteroaryl group unsubstituted or substituted by one or more 

groups selected from -C(0)OR 8 , C r C 6 alkyl, and -(CH 2 ) t OR 9 ; 
15 each R 8 is independently selected from H, C r C 10 alkyl, C 3 -C 10 cycloalkyl, 

-(CH 2 ),(C 6 -C 10 aryl), and -(CH 2 ),(5 to 10 membered heterocyclic); 

each R 9 is independently selected from H, C r C 6 alkyl, and C 3 -C 10 cycloalkyl; and 

t is an integer from 0 to 6; j is an integer from 0 to 2; q is an integer from 2 to 6; 

or prodrugs or metabolites thereof, pharmaceutical^ acceptable salts or solvates of said 
20 compounds, said prodrugs, and said metabolites. 

9. A compound of claim 1 wherein said compound is selected from the group consisting 

of: 
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or prodrugs or metabolites thereof, or pharmaceutical acceptable salts or solvates of said 
compounds, said prodrugs, and said metabolites. 

10. A pharmaceutical composition for the treatment of a hyperproliferative disorder in a 
mammal comprising a therapeutically effective amount of a compound, prodrug, metabolite, salt 
15 or solvate of claim 1 and a pharmaceutical^ acceptable carrier. 
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11. The pharmaceutical composition of claim 10. wherein said hyperproliferative disorder is 
cancer or noncancerous. 

12. A pharmaceutical composition for treating a disease related to vasculogenesis or 
angiogenesis in a mammal comprising a therapeutically effective amount of a compound, 

5 prodrug, metabolite, salt or solvate of claim 1 and a pharmaceutically acceptable carrier. 

13. The pharmaceutical composition of claim 12 wherein sad disease is selected from the 
group consisting of tumor angiogenesis. chronic inflammatory disease, atherosclerosis, skin 
diseases, diabetes, diabetic retinopathy, retinopathy of prematurity, age-related macular 
degeneration, hemangioma, glioma, melanoma. Kaposi's sarcoma and ovarian, breast, lung, 

10 pancreatic, prostate, colon and epidermoid cancer. 

14. A pharmaceutical composition for treating a disease related to vasculogenesis or 
angiogenesis in a mammal comprising a therapeutically effective amount of a compound, 
prodrug, metabolite, salt or solvate of daim 1. a therapeutically effective amount of a compound, 
prodrug, metabolite, salt or solvate of an antihypertensive agent, and a pharmaceutically 

15 acceptable earner. 

15. A pharmaceutical composition for treating a disease related to vasculogenesis or 
angiogenesis in a mammal comprising administering to said mammal a therapeutically effective 
amount of a compound, prodrug, metabolite, salt or solvate of claim 1 in conjunction with a 
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